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INTERNATIONAL MARKETS 
Merlyn Carlson 
Meat Export Federation & Rancher 
Lodgepole, NE 
The potential for International Beef Marketing is both a dynamic and exciting agenda. 
However, it has been tempered by concern for safety of the food supply. We all recognize a 
growing percentage of United States beef producers income is tied to beef exports. All 
preliminary figures point to U. S. Beef Exports for calendar year 1997 will meet or exceed 
1996 levels with an impressive $3 billion sales (wholesale value) or 13 percent of the U.S. 
beef supply. 
Export opportunities are growing for the beef industry, not only from population 
growth but also from a booming growth in disposable income which are on the rise in both 
developed and non-developed countries. International markets undoubtedly will provide the 
greatest growth market in which U.S. beef producers have ever witnessed. 
After 120 years of food surplus in the world, it appears we are about to move to an 
era of food scarcity. This shift would be primarily due to affluence in the third world. The 
GATT has replaced barriers and economic stagnation with global trade and global job 
creation. 
The economies of the first world countries have lately been growing about 2.5 percent 
annually and most are well fed. The Developing World's economies are growing about 
twice as fast as First World or 5 percent annually. Whereas Asian economies are growing 
nearly three times as fast as the First World, setting the global pace for per capita income 
gams. 
Meanwhile the rapid population growth is tapering off. The Third World has come 
three quarters of the way to stability in one generation, from 6.1 births per woman in 1965 to 
3.1 today, (Stability is 2.1). Most of the First World is approaching 1.7 births per woman, 
which implies a decline will occur in the human population after a peak population of8.5 
billion in 2040. Could it be, we are watching a fast, and furious disarming of the "population 
bomb" by global affluence? 
Assuming free trade policies will prevail, the huge Asian market will be large enough 
to share. United States, Europe, South America, Australia, New Zealand and others will 
compete for market share. The good news for United States producers is that according to 
the Food and Agricultural Policy and Research Institute - beef exports are projected to 
increase 40 percent in the United States in the next ten years, chiefly due to United State's 
unique ability to produce large quantities of high quality grain fed beef. 
This dynamic growing market for United States High Quality Beef presents 
opportunities if we position correctly. Some of the key questions are: (1) How are we as 
cattlemen going to change to fill that need? (2) What market and breeding schemes will best 
fit? (3) What will be the problems we may encounter and how can we solve them? (4) 
How can we maximize returns from International Market Development? (5) How can we 
install an accountability trace back program? (6) How can we foster greater open trade? (7) 
Do we need to think out of the box? In other words, WHAT ARE THE SILVER BULLETS. 
We do know we must meet the consumer demands, whether they be United States 
consumers or International consumers. These consumers are becoming more demanding, 
more articulate and more affiuent. They will demand tight specifications of consistency, 
uniformity, tenderness and accountability at levels never seen before. 
The new NCBA brand like initiative finally begins to embrace a consumer focus. 
The partnership with the United States production element is not simply a new quick fix 
marketing program. It is an industry wide initiative designed to systematically provide the 
right products, to the right consumers, at the right time and right price. Best of all it has the 
potential to create high value products that are brand like and can compete with branded 
poultry and seafood products that have captured some of beefs market share. 
Recently during a Beef Industry Summit, steps for moving the industry forward were 
presented. A consensus was reached on industry focus points: (1) Develop a instrument 
grading system to assist USDA graders. (2) Develop an objective tenderness test. (3) Add 
value to lessor cuts such as chuck, round and trimmings. (4) Create more convenient beef 
products for both the domestic and international markets. We believe these are comer stones 
to moving our U.S. BeefIndustry into position for taking advantage of the exploding future 
global markets. 
NCBA (National Cattlemen's Beef Assoc.) is a very important component to this 
total international market development. NCBA assumes the task of insuring free trade and 
access, by working in the arena of politics, the strategic planning, the policy making, and the 
setting of priorities. 
US Meat Export Federation has been at the foundation of this Global presence for 
over 20 years. Today, the USMEF global network includes 13 foreign offices and 
international representatives. It has provided the partnership and synergy between our Beef 
Check-off funding as well as partnership with USDA' s Foreign Agricultural Service. 
USMEF funding amounts to a little over $24 million in 1997. USDA funds in the form of 
MAP (Market Access Program) and FMD (Foreign Market Development) funding, amounts 
to $11.8 million, check-off funds from Beef amounted to around $9.0 million and from Pork 
about $3.9 million. Packers, Purveyors, and Processors contribute the balance. 
In the agricultural world, there is no other organization quite like the USMEF.What 
makes USMEF unique is the diversity of its members and their willingness to concentrate on 
common market access and common market development fronts. USMEF is made up of 9 
different sectors, all bonded together with one goal, that is enhancing US Red meat exports. 
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USMEF has developed into a major force in international marketing. Beef exports today, 
(1996) account for 13 percent of the wholesale value of total US. Beef Production, up from 
less than 1 percent in 1976. 
United States feed grains and soybean utilization in the form of high quality US. Red 
Meat exports has climbed to record levels each year, hitting a record of 228 million bushels 
in 1995. Top markets for U.S. Beef Exports are Japan, Canada, Mexico, and South Korea. 
Russia has grown dramatically as a major market for US Beef and Beef variety meats. In 
1996, total US. Beef Exports amounted to 967,249 metric tons or equivalent to 2.7 million 
slaughter cattle. 
Cattle Fax resources estimates the impact of US . Beef Exports on U.S. cattle prices 
in 1996 reflected $19.94 cwt. extra for calves, $14.00 cwt. extra for feeder steers, and $9.57 
cwt. extra for fed steers. Again this images an earlier statement "A growing percentage of 
U.S. Beef Producers income is directly tied to exports". 
Food Safety concerns have tempered consumer confidence and record growth in 
overseas markets. The adage "We can produce Safe Food, but it must be used Safely" still 
applies. We can be extremely proud that the United States was first to design and approve 
HACPP (Hazard Analysis Critical Control Point) which simply is a "common sense", safety 
based set of guidelines previously submitted by FSIS, (Food Safety and Inspection Service of 
USDA) and designed to eliminate any food borne pathogens. Steam pasteurization and acid 
rinse are two such recognized HACCP based procedures. The Beef Industry has been 
investing more that $5 million annually in food safety and quality related research and 
education. In the last three years packers and processors have invested $2.4 million in 
development and validation of new technologies. As a result the entire processing industry 
now has invested over $65 million to put these new technologies in place. Even the USDA 
ARS (Agriculture Research Service) has dedicated $2 million targeted directly to pre-harvest 
research ofE Coli 0157:H7. This is truly a united front with super coordination not only 
referencing funding but also the coordination of programs. This partnership recently has 
been defined with the organization of a Industry wide Task force on Food Safety. The 
coalition of representation includes packers, processors, marketers, scientific community, 
state and federal governments as well as producers. This effort will design a coherent 
strategy for resolution of the food safety issue, beginning at the farm gate and ending with 
the end user, the consumer. 
SUMMARY 
The US Beef Industry has much at stake to maintain and strengthen the true potential 
of our Export market. The International market is the fastest growing segment of demand for 
US Beef Like it or not, US is not alone in serving these markets. It is a highly competitive 
market and one in which our trading competition seeks as well. Unfortunately many of our 
competitive countries are dedicating a greater commitment of funds for export development 
than we do here in the United States. However, we continue to have the edge for producing 
volume supplies of high quality beef 
US Beef producers, Packers, and Processors are poised to meet and fulfill the 
International market demands whether they be scientific, political or just plain wholesome, 
safe, nutritious, high quality beef 
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INTRODUCTION 
As cattle producers are slowly working their way through the downturn in the current 
"infamous" cattle cycle what will the next century bring. At the turn of the last century the 
cattle industry was in its infancy relative to the position it currently holds in the U. S. 
agricultural sector. Some experts often refer to the cattle business as a mature, well 
established entity indicating that cattle producers, processors, and packers represent an 
established, stable component of the agricultural sector. However, the dynamics of this 
industry are anything but stable to the individual cattle producer. Thus, as we enter the 21 st 
Century it appears to be a period of both opportunity and uncertainty for the beef industry. 
This brief paper attempts to identify what, where, and how the dynamics of this industry are 
likely to unfold given a global economy. 
Rather than focus on just the domestic aspects of the beef cattle industry this article 
will address the international meat market and specifically where beef exports are headed. 
World Meat 
World production of beef, pork, and poultry was projected at 170 million metric tons 
(37.4 trillion pounds) in 1996 - a 25 mmt increase over 1991. Annual growth rates for these 
meats differ sharply - poultry at 5.6 percent, pork at 3.1 percent, and beef a mere 0.3 percent 
per year. The rapid growth in poultry is due to price competitiveness due to efficiency gains 
in production and a shift in consumer preferences. Most of this expansion will occur in 
China. 
The following projections have been made by Food and Agricultural Policy Research 
Institute: 1 
• Share of beef in the meat bundle continues to decline in the Western countries and 
in Oceania, while that of poultry grows. Following the recent trend in the United 
States, per capita consumption of beef and pork are projected to remain mostly 
unchanged during the 1997 to 2005 period, while broiler consumption increases 
by 10 kg (22 pounds). 
I The F APRI 1996 - International Agricultural Outlook Staff Report No. 2-96. Food and Agricultural Policy 
Research Institute. Iowa State University and University of Missouri - Columbia. September 1996. 
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• In the Asian region on the other hand, per capita beef consumption is increasing rapidly, 
partly because of the very low initial consumption levels. In Japan and Korea, beef is the 
preferred substitute for increasingly scarce seafood; it is becoming relatively inexpensive 
because of trade liberalization initiatives and is favored as a convenience food as the 
population adjusts to more Western style work and food habits. In China, sustained 
income growth will enable continued increases in total meat consumption, with rapid 
increases in both beef and poultry. Chinese per capita pork demand increased from 15 kg 
in 1985 to match the United States level of 31 kg by 1996, yet the total market share of 
pork declined from 86 to 70 percent in the same period. Another 10 kg increase in pork 
consumption is projected over the next ten years, while beef and poultry increase by 6 kg 
each (13.2 pounds equals 6 kg). 
• Beef exports from the major exporters increase at an annual average of 1.7 percent during 
the projection period with most of the increase coming from Australia, Brazil, and 
Argentina. The United States remains a net exporter during the increasing phase of the 
cattle cycle. Low intervention stock and the lingering BSE scare depress EUs exports in 
the near term. FSU import demand is projected to soften as the economy turns around 
and the inventories start to grow by the year 2000. Strong import demand growth 
continues in Japan and Korea. 
• An average annual increase of3.3 percent is projected for pork trade. The primary 
demand growth in Japan and Korea will be met by increasing exportable surpluses from 
the United States. A near-term decline in exports is projected for EU because of 
continuing BSE-related substitution for beef China continues to be a minor trading 
country in pork, despite its continuing role as the world's largest producer. 
• Poultry trade is projected to grow at 5 percent annually, with import demand growing in 
Japan, Korea, Hong Kong, and China. Following the trend of the recent past, U.S. 
exports are projected to expand rapidly. Others expanding exports are the EU, Brazil, 
and Thailand, although in the near term export surpluses in the EU are trimmed due to 
BSE-related substitution in the consumption bundle. 
World Beef 
This section addresses beef specifically. In particular the major beef producing 
countries or regions are highlighted. 
• The U. S. cattle cycle peaks (herd size) in 1996/97 with herd liquidation accelerated by 
the high grain prices of 1996, enabling world price to recover thereafter, reversing the 
steady decline since 1993. Rapid increases in U. S. exports in 1994-95 were attributable 
to the increasing phase of the beef cycle, demand growth for high-quality beef in Asia, 
and drought induced supply reduction in Australia, the U.S. 's major competitor. Despite 
a recession-related decline in exports to Mexico, the United States increased its total 
exports by 17 percent in 1995. U.S. imports declined, mainly because of competitive 
manufacturing grade prices in the United States that discouraged Australian exports. The 
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United States is projected to retain its recently gained net exporter status through the year 
2000. 
• Chinese beef production and consumption are expanding rapidly, benefiting from 
substantial productivity gains in the sector. This trend in per animal productivity, along 
with potential inventory gains, will enable rapid expansion in Chinese production to meet 
domestic demand-increases brought about by income growth. Consequently, only 
marginal increases in imports are anticipated. 
• The historical decline in EU's beef production is projected to continue, accelerated in the 
near term by the BSE-related liquidation in Britain. Britain accounts for almost 14 
percent of the EU cattle inventory and the anticipated liquidation is nearly 4 million 
animals over a five-year period. Consumer demand, both within and outside of Britain, is 
expected to recover within two years. Per capita consumption that has been declining at 
1.2 percent in the last five years is projected to fall by 6 percent between 1995 to 1997, 
before realigning to the original trend. As consumption picks up by 1998, exports are 
projected to drop, and then recover as herd buildup comes online. 
• Japan and South Korea will experience declines in beef production because of import 
commitments and cutback of domestic support for beef and dairy. At the same time, 
demand for beef continues to rise with income growth and changing work and food 
habits. Japanese imports are projected to increase by 350 thousand metric tons (tmt) over 
the next ten years, while Koreans add 250 tmt to their imports. 
• Australia continues its recovery from drought in 1997, with a near-term stagnation in beef 
output as herd rebuilding is undertaken. This will be followed by a gradual increase in 
production specifically targeted to the demand growth in high-income Asia. Production 
is projected to expand at 1.5 to 2 percent annually, with an average of20 to 30 tmt 
additional exports every year. 
• Canadian production continues to increase at a slightly faster rate than demand, enabling 
it to strengthen its net export position attained in 1996. Canadian herd size continues to 
grow and with the loss of transportation subsidies, it is very likely more cattle will be fed 
and finished in the western provinces. 
• The turnaround in the FSU economy, led by Russia, will help the recovery of the beef 
industry. Near-term herd building requirements increase import demand temporarily. 
• The downward trend in profitability of beef production worsened in Argentina as the US. 
cattle cycle peaked, affecting world market prices. Despite favorable foot and mouth 
disease-free recognition, and recovery ofUS.-led prices, net exports remain relatively 
stable at less than half a million tons per year. Keep in mind though that the vast 
majority of Argentina's cattle herd are of English descent. 
• Beef production in Brazil benefits from better productivity (more cattle placed in 
feedlots) as well as strong domestic demand growth. Hence, projections are for 
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continued expansion of the industry and gradual increases in exportable surplus, with a 
total gain of 150 tmt in exports over the outlook period. Brazil has 122 million head of 
cattle of which 90 million are Nelore, a Bas indicus breed originating from India. 
Summary 
There are a number of very positive aspects to the US. beef industry. We have 
finally achieved a position of being a net exporter in 1996 - the first occurrence since the end 
of World War II. However, the amount exported amounted to only 6 percent of the total beef 
produced. Beef continues to be the preferred meat by the vast majority of consumers 
worldwide. However, beef s nutrition "image" has slipped - we have let the nutritional value 
be defined in terms of fat content. The US. beef industry is continuing to increase efficiency 
and most of our competition problems are economic. Can we make improvements? 
Certainly and most of our leading cattle producers are already low-cost producers. Thus, by 
focusing on costs and quality we will continue to be the desired protein food source. In terms 
of per capita consumption beef continues to lead the other meats and likewise the vast 
majority of each dollar spent on meat domestically is spent on beef 
The industry is taking small steps to improve quality and the end result is the industry 
will become product oriented rather than commodity oriented. Branded products, market 
orientation by producers (both domestic and foreign) and promotion of quality are all 
examples of the direction the market is moving. As world markets develop and expand, the 
beef cattle industry must be in a position to take advantage of supplying these markets with 
products that conform to the preference and orientation of the consumer who is paying the 
price for the product. For example, China's expected increase in beef consumption is 6 
kilograms per person over the next ten years. This translates into about 13.2Ibs of beef per 
person which does not sound like very much but with a population of over one billion people 
this is 13,200,000,000 lbs. of beef Ifa steer yields 700 lbs. of finished product this 
correlates to approximately 18.9 million head of cattle per year by 2005. Given that the US. 
slaughtered some 26 billion lbs. of beef in 1996 this number represents half of our total 
production. 
In closing, there is a bright future for American beef cattle producers. This does not 
mean there will be not lingering problems or market fluctuations or environmental issues or 
consumer issues and concerns, or trade issues. However, if the beef industry takes a 
proactive approach rather than reactive stance, the US. will continue its reputation as the 
major world supplier of a high quality, safe and plentiful product. 
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Table 1. Population Projections 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
(Percentage Change From Previous Year) 
World 1.55 1.53 1.50 1.47 1.44 1.41 1.39 1.37 1.35 1.33 1.31 
Developed 0.72 0.69 0.67 0.65 0.64 0.62 0.60 0.58 0.56 0.54 0.52 
Former Centrally Planned 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.45 0.46 0.46 0.46 
Developing 1.83 1.80 1.77 1.73 1.69 1.66 1.63 1.60 1.57 1.55 1.52 
Asia 1.58 1.55 1.51 1.48 1.44 1.39 1.35 1.32 1.29 1.26 1.24 
Latin America 1.61 1.57 1.53 1.49 1.45 1.40 1.37 1.34 1.32 1.29 1.26 
Africa 2.84 2.83 2.77 2.72 2.69 2.66 2.64 2.61 2.59 2.56 2.53 
Table 2. Real GDP Projections 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
(Percentage Change From Previous Year) 
World 2.6 3.0 3.6 3.7 3.6 3.5 3.5 3.5 3.5 3.5 3.5 
Developed 2.5 2.4 2.7 2.8 2.7 2.6 2.6 2.6 2.6 2.6 2.6 
Former Centrally Planned -4.7 2.1 6.4 5.6 5.4 4.7 4.7 4.7 4.7 4.7 4.7 
Developing 4.8 5.7 6.4 6.4 6.3 6.2 6.2 6.2 6.2 6.2 6.2 
Asia 7.7 7.5 7.6 7.5 7.4 7.3 7.3 7.3 7.3 7.3 7.3 
Latin America 3.0 3.9 4.9 5.2 5.0 4.6 4.6 4.6 4.6 4.6 4.6 
Africa 2.5 3.0 3.0 2.9 3.2 3.2 3.2 3.2 3.2 3.2 3.2 
Table 3. Top Four Export Markets for U.S. Agricultural Products, 1991 




S. Korea 2.16 
Source: The above tables are located in The FAPRI 1996 - International Agricultural Outlook, Staff Report No. 2-96, Food and 
Agricultural Policy Research Institute, Iowa State University and University of Missouri - Columbia, September 1996. 
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Table 4. Production, Exports, and Imports of Selected Commodities 1990-1991. 
Production Export Import 
Country Icommodity Percent of world Country Percent of world Country Percent 01 
production exports Imp°Itl 
Corn -
U.S. 42 U.S. 77 Japan 28 
China 20 China 12 U.S.S.R.* 18 
Brazil 5 Argentina 6 Taiwan 9 
EU 5 Canada 0.3 EU 6 
Mexico 3 EU 0.2 Mexico 3 
Argentina 2 
Sorghum 
U.S. 33 U.S. 73 Japan 45 
India 27 Argentina 17 Mexico 38 





U.S.S.R.* 18 U.S. 31 Other 42 
China 17 Canada 22 U.S.S.R.* 16 
EU 14 EU 22 China 10 
U.S. 13 Australia 13 Japan 6 




U.S. 28 U.S. 47 EU 37 
China 15 Argentina 15 Japan 19 
Brazil 8 EU 10 Mexico 6 
Argentina 8 Canada 8 
EU 5 Brazil 6 
Canada 3 
Beef and Veal 
U.S. 22 EU 24 U.S. 31 
U.S.S.R.* 18 Australia 22 Japan 15 
EU 17 U.S. 12 EU 13 
Brazil 7 New Zealand 9 U.S.S.R.* 8 
Argentina 5 Argentina 8 Canada 6 
Dairy Products * * 
EU 42 EU 45 U.S.S.R.* 20 
U.S. 19 New Zealand 20 Japan 19 
U.S.S.R.* 11 Australia II EU 13 
New Zealand .. U.S . 6 U.S. 10 j 
Australia '") U.S.S.R.* Australia 2 
*Fonner Li.S.S.R.* 
**Dairy Products include butter, cheese, and nonfat dehydrated milk. 
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BEEF QUALITY ASSURANCE-PAST, PRESENT, FUTURE 
Gary C. Smith, J.D. Tatum and K.E. Belk 
Colorado State University 
Fort Collins, CO 80523-1171 
The Beef Quality Assurance Task Force (BQATF) was formed in early 1986 when 
three NCBA (then, the National Cattlemen's Association) Policy Committees independently 
directed NCBA to address "the growing issue of consumer concern about the safety and 
wholesomeness of beef" It was believed that the cattle industry'S efforts aimed at improving 
beef s image as a healthful food with regard to its nutrient profile could not stand alone, and 
that lingering consumer concerns about drug and chemical residues in beef could negate any 
progress made in the diet/health area. Consequently, the BQATF (then, the Beef Safety 
Assurance Task Force) was formed with the objective of "Enhancing The Image Of Beef As 
A Safe And Wholesome Food." 
The BQATF initially interacted with officials/representatives of Food and Drug 
Administration, U.S. Department of Agriculture, Food Marketing Institute, American Meat 
Institute, American Health Institute and a consumer activist group. The composition of the 
first NCBA, BQATF was Darrell Wilkes (stafi), Dee Griffin (Technical Advisor) and-as 
members-Wes Bonner, Mike Bowles, Bob Dubbert, Tom Olsen, Don Williams, Jack 
Algeo, Bill Brown, Warren Weibert, Bob Bohlender and Dick Mercer. The members of the 
BQATF, in 1986, developed a Summary Statement which began: 
"The cattle industry must recognize that a significant degree of consumer concern 
exists with regard to the presence of drug and chemical residues in beef While 
residue data from USDA and FDA do not support this degree of consumer concern, it 
exists nevertheless." 
Excepts from the BQATF Summary Statement include: 
• "Current industry efforts to overcome consumer misperceptions are defensive 
(reactive rather than proactive), and will never succeed in alleviating 
consumer concerns about beef safety." 
• "The apparent solution to this problem lies with individual cattlemen who are 
willing to embark upon some kind of beef safety assurance program; a 
program which gives added assurance that all animal drugs and production 
chemicals are used properly and that no unacceptable residues are created." 
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• "Something substantive must be done by individuals; general public relations 
and promotional campaigns cannot replace genuine efforts to provide greater 
assurance of beef safety and wholesomeness." 
• "An industry-initiated program, adopted voluntarily and individually by 
industry members, will be more effective in enhancing consumer confidence 
in beef as a safe and wholesome food than the alternative of stricter· 
government regulations on the use of animal drugs." 
• "The Task Force feels certain that the marketplace will increasingly demand 
beef produced under a safety assurance program; hence, even in the absence 
of consumer research, cattlemen are advised to begin developing a safety 
assurance program." 
The BQA IF Summary Statement concludes as follows: 
"It is within the grasp of individual cattlemen to alleviate consumer concern about the 
safety and wholesomeness of beef, or at least to protect themselves from the negative 
publicity created by their less-careful colleagues. Industry organizations such as 
NCBA and its affiliates cannot wave the magic wand of public relations and 
promotion, and alleviate consumer concerns about beef safety. It will require action 
by individuals within the industry." 
Developed through discussion, reading, studying and consultation were the followinl 
BQAIF consensus points: 
(1) Consumer concern about drug and chemical residues in beef is a threat to the cattle 
industry and must be addressed. 
(2) The Task Force, and some contacts, agree that part of the cntIcIsm received 
concerning the industry'S use of drugs and chemicals is spill-over from the diet/health 
Issue. 
(3) The cattle industry, or its individual members, must do something substantive in order 
to alleviate consumer concern about the safety and wholesomeness of beef, from the 
standpoint of drug and chemical residues. We cannot rely on public relations efforts 
exclusively to address this issue. 
(4) A Safety Assurance Program is needed in order to accomplish the objective of 
"'Enhancing The Image Of Beef As A Safe And Wholesome Product." Additional 
government regulations are not a viable alternative. 
(5) A Safety Assurance Program of some kind will become a de-facto requirement for 
doing business in the future for an unidentified, but increasing, portion of the market. 
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(6) A majority of cattlemen are ready to accept the responsibility of a Safety Assurance 
Program. 
(7) Veterinarians and producers will become partners in safety assurance. 
(8) Issues with the potential of damaging the image of beef from a safety/wholesomeness 
standpoint should be identified so that a strategy to protect the industry from adverse 
publicity can be developed before the issue becomes a consumer concern or crisis. 
(9) As an industry, we do not know what the consumer expectations are with regard to 
added assurance of beef s safety and wholesomeness. Consumer research is needed. 
(10) Producers using drugs and chemicals, or allowing others to do the same, in their cattle 
will assume greater liability than in previom; years. 
(11) Clinical residue studies should be done not only with regard to off-label drug use, but 
also in the tissue clearance of drugs from clinically ill cattle. 
(12) The industry and its organization should take a more active role in reprimanding 
those persons who recommend or practice illegal use of drugs or chemicals. 
The NCBA Beef Quality Assurance Program was-initially-patterned after the 
BQA Program of the Texas Cattle Feeders Association (TCFA). The TCFA, BQA Program 
had as its objective-"To ensure that all cattle shipped from this feedyard are healthy, 
wholesome and meet FDA, USDA and EPA specifications. This program is a cooperative 
effort between the feed yard and government agencies and is monitored by periodic sampling 
of carcasses at packing plants by FSIS." The "Certificate" used by TCFA for its BQA 
Program delineates six Procedures: 
(1) Feed Sources-a quality control program plus analysis of ingredients suspected of 
contamination. 
(2) Feed Medications-use only FDA approved additives and comply with additive 
withdrawal times. 
(3) Individual Treatments-medication schedule must be by a veterinarian and records 
kept; all animals for slaughter must meet withdrawal times; animals given off-label 
drugs will be randomly tested; FSIS will randomly sample at the slaughter plant with 
STOP, and other in-plant, tests. 
(4) Pesticides---only EPA-approved pesticides used, in compliance with label directions. 
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(5) Maintenance Of Records-rations, feed additives and individual treatments recorded; 
ifFSIS finds residues, applicable records are available to FSIS officials. 
(6) Action In Case Of Potential Or Actual Violation-unacceptable residues found by 
FSIS reported by telephone to feedlot; joint assessment by feedlot and FSIS personnel 
to find source, cause and appropriate corrective action. 
From 1986 through 1996, Colorado, then Nebraska, and most of the other states 
followed the lead of Texas and developed Beef Quality Assurance Programs that then 
affiliated with the NCBA, BQA Program. Today, 98 percent of cattle going through feedlots 
and 90 percent of cattle on farms and ranches are from states with BQA Programs. The 
NCBA, BQA Program has, over its decade of existence, accomplished many milestone 
achievements. Included as successful studies, programs, investigations and/or achievements 
are the following: 
(1 ) National Beef Quality Audit (1991 )-Quality losses for every fed cattle slaughtered 
in 1991 totaled $279.82. Of the $279.82, cattlepersons could recover $219.25 by 
attacking waste, $28.81 by enhancing taste, $27.26 by improving management, and 
$4.50 by controlling weight. 
(2) Antibiotic Violative Residues: USDAIFSIS National Residue Program (1983-
1993)-Violative residues in samples obtained in 1983 occurred in 0.0%,0.0%,0.0% 
and 3.6% of tissues from bulls, cows, slaughter steerslheifers and calves; violative 
residues in samples obtained in 1993 (the latest year for which data have been 
reported) occurred in 0.0%, 0.5%, 0.0% and 0.9% of tissues from bulls, cows, 
slaughter steers/heifers and calves. Diligence of cattlepersons-at least in part, due to 
BQA Programs-have maintained (or lowered, in the cases of calves) exceptionally 
low incidences of antibiotic residues in beef and veal tissues. 
(3) National Non-Fed Beef Quality Audit (1994)-Quality losses for every non-fed cattle 
slaughtered in 1994 totaled $69.90, cattlepersons could recover $14.60 by managing, 
to minimize defects and quality deficiencies; $27.65 by monitoring health and 
condition; and $27.65 by marketing in a timely manner. 
(4) Incidence Of Pesticide Residues And Residues Of Chemicals Specified For Testing 
In U.S. Beef By The European Community (994)-Muscle, adipose tissue, kidney 
and liver tissues were tested for residues of four anabolic steroids, two environmental 
contaminants, a beta-blocker, a beta-agonist, two tranquilizers and six sulfa-drug 
thyrostats; and, adipose tissue samples were tested for residues of 25 individual 
chlorinated-hydrocarbon and organophosphate pesticides. In the 1,780 chemical tests 
performed, no residue amount that would be considered violative was detected. 
(5) Incidence Of Injection-Site Blemishes In Beef Top Sirloin Butts (1994)-Six 
individual and sequential national audits of injection-site blemishes in top sirloin 
butts were conducted (July 1991 through March 1993). Incidence of blemishes was 
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2l.27%, 14.03%, 15.41%, 12.11%, 10.01% and 10.87% in the national audits of July 
1991, November 1991, March 1992, July 1992, November 1992 and March 1993, 
respectively. If the activities of the NCBA, BQA Task Force reduced incidence of 
injection-site blemishes from 2l.27% to 10.87%, the savings to the U.S. beef industry 
amounted to $26,876,512. 
(6) National Beef Quality Audit (1995}-Quality losses for every fed cattle slaughtered 
in 1995 totaled $137.82. Of the $137.82, cattlepersons could recover $47.76 by 
increasing red meat yield, $38.30 by enhancing taste/tenderness, $47.10 by improving 
management, and $4.66 by controlling weight. 
(7) Injection-Site Lesions: Incidence, Tissue Histology, Collagen Concentration, And 
Muscle Tenderness In Beef Rounds (1995}-National incidence of injection-site 
lesions in the muscles of the round were determined by a national audit; injection-site 
lesion incidence in beef round cuts audited at retail was 8.45% and in steak-cutting 
facilities was 10.04% (overall incidence was 9.74%). Warner-Bratzler shear 
measurements taken near lesions and in areas 3 inches from the lesions were higher 
for lesioned, than for control, bottom-round steaks; Warner-Bratzler shear values for 
lesion cores were 3.5 times greater than those in paired control (non-affected) steaks. 
(8) Injection-Site Lesions In Carcasses of Cattle Receiving Injections At Branding And 
At Weaning (I995)-Injections at branding of 2mL of clostridial, 5mL of clostridial, 
vitamin AD3 and OTC caused injection-site lesions in 72.5%, 92.7%, 5.3% and 
5l.2%, respectively, of inside rounds from slaughter cattle. Before completion of this 
study, it was thought that injection-site lesions were from damage that subsisted only 
briefly following an inoculation; these results made it abundantly clear that 
intramuscular administration of clostridials and certain antibiotics will cause damage 
so severe that it will be evident in beef muscle 7.5 to 12 months later. 
(9) Incidence And Sensory Evaluation Of Injection-Site Lesions In Beef Top Sirloin 
Butts (1996}-The national incidence of injection-site lesions in top sirloin butts did 
not change between July 1993 (10.91%) and July 1995 (10.19%). Warner-Bratzler 
shear measurements of lesion-afflicted steaks taken near the site of lesions and in 
areas up to 3 inches from the lesion center were significantly greater than were 
comparable measurements on control top sirloin steaks. Injection-site lesions were 
still occurring at an unacceptable frequency in the top sirloin butt, and those lesions, 
if not removed entirely, can dramatically reduce the desirability of top sirloin steaks. 
(10) Residues Of Antibiotics, Hormones And Pesticides In Conventional, Natural And 
Organic Beef (1997)-Analyses of "Conventional," 'Natural" and "Organic" beef 
samples revealed no violative residues of three anabolic steroids, three xenobiotics, a 
8-lactam antibiotic, two macrolide antibiotics, four sulfa-drugs, three tetracycline 
antibiotics and 25 individual chlorinated-hydrocarbon and organophosphate 
pesticides. The only violative residues of any chemical found in these studies were in 
liver and not in meat. Results of this study demonstrated that it is highly unlikely that 
there is any difference in presence of harmful chemical residues of drugs, vaccines. 
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pesticides, antibiotics and/or growth promotants in "ConventionaL" "Natural" and 
"Organic" beef. 
(11) Injection-Site Lesions In Beef Subprimals: Incidence, Palatability Consequences, And 
Economic Impact (l997}-Although the perceived progress is real, injection-site 
lesions remain a serious quality-control concern and continue to cause huge economic 
loss in the U.S. beef industry. Trim losses and decreased tenderness resulting from 
injection-site lesions in top sirloin butts, bottom rounds, eye of rounds, and inside 
rounds represented an estimated monetary loss of $200,338,253 ($7.05 per steer or 
heifer slaughtered) in 1995 to the U.S. beef industry. However, the full cost of these 
lesions must also include customer dissatisfaction. The extreme variations in 
palatability resulting from inadequate trimming of injection-site lesions in beef 
subprimals is estimated to affect 70.8 million meals annually. 
(12) Pesticide Residues In Beef Tissues From Cattle Fed Fruits, Vegetables And Their 
Byproducts (1997}-Muscle, adipose, liver and kidney tissues were collected from 
cattle fed potato processing residue, apple pomace, pear pomace, cannery com waste, 
cotton gin trash, tomato pomace plus almond hulls, dried grape solids or dried citrus 
pulp as well as from control cattle. In 2,720 tests (of beef tissues and feedstuffs) of 
ten oncogenic pesticides, eight tests were positive but no residue amount that would 
be considered violative was detected. The only pesticide detected was benomyl and it 
was detected at nonviolative levels in the adipose tissue of cattle that had been fed 
either apple pomace or pear pomace. 
(13) Incidence, Severity, Amount Of Tissue Affected And Effect On Histology, Chemistry 
And Tenderness Of Tissue In And Around Injection-Site Lesions In Beef Cuts From 
Calves Administered A Control Compound Or One Of Seven Chemical Compounds 
(1997)-Incidence, severity, histological ramifications and tenderness effects of 
injection-site lesions produced by the intramuscular administration of a control 
compound (sterile saline) or of one of seven biological and pharmaceutical 
compounds. Most compounds administered caused, 178 days later, an unacceptably 
high lesion incidence in both top sirloin butts and outside rounds. The volume of 
toughened tissue, as compared to control, contralateral subprimals was 618 to 1,042 
cubic centimeters in outside rounds and 308 to 811 cubic centimeters in top sirloin 
butts. The intramuscular administration of all of the compounds (including sterile 
saline) caused unacceptable tissue consequences. Intramuscular injections must be 
eliminated! 
(14) Factors Contributing To The Incidence Of Dark Cutting Beef And Management 
Strategies To Reduce The Occurrence Of Dark Cutters (1997)-Feedlot data were 
obtained from 2,672,223 cattle from nine commercial feedyards. Feedyard, gender, 
implant treatment, days from final implant to slaughter, maximum and minimum 
daily temperatures, and temperature fluctuations from 48 hours before harvest to the 
day of harvest, all contributed to the incidence of dark cutters. Data from these 
15,439 pens of cattle suggest that the use of estrogenic re-implants before slaughter in 
heifers. and combination (androgen and estrogen) implants, either as steers enter the 
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feedlot or as re-implants before slaughter, increase the risk of incurring dark cutters. 
Additionally, the time from re-implant to slaughter should extend past 100 days to 
minimize carcass non-conformance due to dark cutting beef Feedlot management 
practices should also incorporate seasonal climatic trends (hot weather and large 
temperature changes) at the time of slaughter when determining implant 
administration. By optimally combining these factors, producers can continue to 
optimize growth performance with the use of moderate growth promoting implants, 
while at the same time reducing economic losses and carcass non-conformance due to 
the occurrence of dark cutters. 
(15) Multiple Hurdles For Beef Carcass Decontamination (l997Ha) Decontamination of 
beef carcasses can be achieved by knife-trimming followed by spray-washing or by 
spray-washing followed by hot-water rinsing. (b) Combinations consisting of three or 
four decontamination treatments were more effective in reducing microbial loads on 
beef carcasses than were treatment combinations of one or two microbiological 
interventions. (c) Chemical dehairing of beef carcasses using a combination of 
sodium sulfide, hydrogen peroxide, hot water plus acetic-acid solution successfully 
reduced numbers of bacterial pathogens on hide samples inoculated with feces. 
(16) Current Results Of National Audits OfInjection-Site Lesions In Cuts From Non-Fed 
And Fed Slaughter Cattle (1997}-Results of the latest national audits revealed (a) an 
incidence of 5.61% (down from 21.27% in July 1991) in top sirloin butts from fed 
cattle in July 1997, (b) an occurrence of 4.44% (down from 9.74% in August 1994) in 
bottom rounds from fed cattle in August 1997, and (c) an incidence of 37.45% (up 
from 23.01% in April and October, 1995) in gooseneck rounds from non-fed cattle in 
April, 1997. Excellent progress has been made in reducing incidence of injection-site 
lesions in muscles from fed cattle but incidence of injection-site lesions in muscles 
from non-fed cattle remains unacceptably high. 
A July 1995, Project Evaluation Audit by the Cattlemen's Beef Promotion And 
Research Board described the "Achievements of the Beef Quality Assurance Program" as 
follows: 
• From the national level down to the county level, the BQA Program is the most direct 
communications link the cattle industry has for the transmission of educational 
information about the safety and quality of our product. Progress made on the 
injection-site lesion issue is the best example of how this communication system 
benefits the industry. 
• The BQA Task Force (BQATF), state coordinators, and NCBA staff have assembled 
a credible, producer-initiated program. The BQA Program has earned the respect of 
many groups outside the industry including members of the U.S. government and the 
media. 
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• The national program has been flexible enough to allow states to custom tailor the 
BQA Program to their particular needs. At both the national and local levels, the 
program is relatively free of bureaucracy and red tape, which allows it to respond 
quickly. 
• The program has evolved from one focused on producer concerns to one that is now 
concentrated on product concerns. 
• The makeup of the BQATF has been a good balance of expertise and knowledge from 
different industry segments, which coupled with its dedication, has resulted in the 
growth and success of the program. 
• The tenacity and commitment of national staff has also been a factor In the 
development and success ofBQA. 
• State coordinator's annual meetings have been very useful for exchanging 
information and ideas. 
Dr. Stephen F. Sundlof, Director of the Center for Veterinary Medicine (Food and 
Drug Administration) said, in 1997, ''The Center for Veterinary Medicine recognizes that the 
Beef Quality Assurance Program is endorsed by cattle industry leaders in all parts of the 
country. It provides cattle producers with information on proper animal health product use, 
keeping adequate records, and helps assure consumers a supply of high quality and 
wholesome beef products. The Center for Veterinary Medicine supports and applauds the 
success of the Beef Quality Assurance Program." Dr. Bonnie Buntain, Director of the 
Animal Production Food Safety Program of the Food Safety and Inspection Service (U.S. 
Department of Agriculture) said, in 1997, ''The Food Safety and Inspection Service supports 
the implementation of Hazard Analysis and Critical Control Points-type preventive 
approaches from farm to table to reduce potential foodborne hazards. The Beef Quality 
Assurance Program is an important step by the cattle industry to encourage farmers and 
ranchers to follow the program in order to prevent illegal chemical residues in beef" Burke 
Healey, a cattle producer from Oklahoma said, in 1997, "Year after year, the USDA residue 
testing program has proven the real success of our industry's Beef Quality Assurance 
Program. Beef has a residue-free record that is second to none." John W. Algeo, former 
Head of Animal Science at Cal Poly University said, in 1997, "I think that the Beef Quality 
Assurance Program, as it has evolved over the last ten years, is one of the most important 
things that we have done in the beef industry. The degree of progress has been astonishing." 
The Project Evaluation Audit conducted in July 1995 by the Cattlemen's Beef 
Promotion And Research Board provided the following ''Recommendations for future 
activity and direction of the Beef Quality Assurance Program": 
• The Beef Quality Assurance Task Force (BQATF) should develop and approve a long 
range plan for the BQA Program to provide it with continued focus and direction 
The plan should include program objectives, an implementation schedule an( 
preliminary budget projections 
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• Insure the entire BQA Program continues uninterrupted during the industry 
consolidation. The continuity of the program is essential to the success of the Beef 
Industry Long Range Plan. 
• Continue to keep the structure of the program (from the national to the local level) 
lean and non-bureaucratic. 
Beef cattle producers have enthusiastically supported the BQA Program. In 1997, 
Gene Wiese of Iowa said, "Our family is committed to producing the finest and highest 
quality product that we can for consumers. Because we're at the beginning of the entire beef 
process, we must do our part in producing safe, healthy food," while Chaunce Thompson of 
Texas said, "The Beef Quality Assurance Program unites all of us-from producers to 
grocers to consumers-with a plan to ensure that consumers have a great eating experience 
every time." Alan Janzen, a beef producer from Nebraska said, in 1997, ''Beef Quality 
Assurance is a two-pronged program. It helps inform producers about the latest management 
techniques and makes consumers more aware of the extra efforts the beef industry is making 
to deliver safe, quality beef" 
The composition of the present (1997) NCBA, BQATF is Gary Cowman and Michael 
Smith (staff) and-as members of the Advisory Board-Ran Smith, Harvey Mitchell, Jack 
Algeo, Bob Bohlender, Wes Bonner, Duane Flack, Jim Floyd, Burke Healey, Ken Jordan, 
Dell King, Kelly Lechtenberg, Scott Laudert, Dick Mercer, Louis Perino, James Pritchard, 
Nancy Robinson, Walt Rowden, Dean Settje, Bob Smith, Jerry Swanson and Gene Wiese. 
Dr. Ran P. Smith, Kansas veterinarian and beef cattle producer as well as Chairman of the 
NCBA, BQA Task Force said, in 1997, "The U.S. cattle industry is committed to providing 
the consumer with a high-quality, wholesome and safe product. The Beef Quality Assurance 
Program serves as an intricate, producer-driven mechanism for reaching this goal." 
CONCLUSIONS 
Families in the U.S. and abroad expect quality beef The BQA Program's mission 
was, is, and remains-"T 0 maximize consumer confidence in, and acceptance of, beef by 
focusing the industry'S attention on beef quality assurance through the use of science, 
research and education initiatives." Created ten years ago by the National Cattlemen's Beef 
Association, the BQA Program has established a remarkable record of achievements, by 
serving as a catalyst-uniting animal scientists, veterinarians, feed suppliers, animal health 
companies, packers and retailers with cattle producers-to encourage that the latest in 
science and technology is used to meet expectations about beef quality, wholesomeness and 
safety. In the past, present and future, the goal of the Beef Quality Assurance Program of the 
National Cattlemen's Beef Association is "To produce safe, wholesome beef that provides a 
great beef eating experience everv time." 
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INTRODUCTION 
Beef cattle production in the United States remains largely a segmented rather than 
integrated industry. The needs and goals of the various segments of the production chain, 
with respect to production specification targets, are often different and sometimes conflicting. 
The resulting inadequate response of the industry to consumer needs has occurred at the same 
time as intensified competition from pork and poultry products, each of which has 
contributed to the decline of beef consumption. 
Seedstock and commercial cow-calf producers represent particularly important links 
in the beef production chain because they have primary control of the genetics and produce 
the "raw material" used by all sectors of the industry. Producers have been told that they 
must produce cattle that are profitable to the entire industry. However, Melton (1995, 1997) 
has shown that economic incentives have generally been considerably different for a producer 
selling calves at weaning than for an enterprise which fully integrates all aspects of 
production from conception to consumption. Thus, when contemplating changes in breeding 
programs to benefit other sectors of the industry, producers must question the effects of such 
changes on their own economic well-being. Variation can be thought of as the raw material 
with which to make change in production, and its control is a topic of much interest in today's 
beef industry. This paper will discuss the potential and limitations for control of variation, 
and address some of the issues that should be considered with respect to the design of 
breeding programs and impact of genetic decisions. 
INHERENT STRENGTHS AND WEAKNESSES 
In order to improve the competitive position of beef, it is useful to assess strengths 
and weaknesses of beef production relative to those of primary competitors. Undoubtedly, 
the ability of cattle to convert grass to meat is their greatest inherent competitive strength. 
Thus, cattle make use of vast areas of marginal and non-arable land. Many consumers view 
grazing as a preferred method of livestock production as compared to confinement methods 
which are prevalent for swine and poultry. The ability of cattle to utilize other lower cost 
feeds, such as crop residues and food industry by-products, helps compensate for poorer feed 
conversion rates as compared to swine and poultry. Another positive factor is that some 
cattle products are unique and preferred by many consumers for taste or others characteristics. 
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There are several biological factors that tend to limit inherent production efficiency 
for cattle as compared to swine or poultry. Longer generation intervals of cattle limit genetic 
improvement from selection per unit of time. Lower female reproductive rates are associatec 
with lower selection intensities and reduced ratios of market animals per breeding animal. A 
related consequence is that a greater fraction of marketed beef is from animals of maternal 
breed-type, thus limiting the fraction from breed-types that may be better suited to market 
animal production. The need to match cow type to local environmental and resource 
constraints sometimes necessitates the use of breed-types that are not optimal for other 
industry segments and contributes to industry-wide variation in beef products. The industry 
does have an array of market categories to accommodate variable products, but the ability to 
accurately classify live animals or even carcasses according to market is limited. 
VARIATION 
Variation can be viewed in either a positive or negative context. On the negative side, 
a lack of product consistency is a major concern of the beef industry. From a positive 
viewpoint, genetic diversity is needed to match production potential to environment and 
resource base, to meet the differer.~ target specifications of alternative markets, and to make 
future genetic change. Genetic variation is the raw material that the breeder has to work with, 
and so it seems wise to maintain genetic variation in some form, such as between breeds, 
lines, or families within a breed. Genetic types that are not useful today, but may have future 
value, could possibly be retained as frozen germ plasm. The real key, it would seem, is 
control of variation, exploiting it to our advantage while avoiding unwanted consequences. 
However, there are certain limitations and misconceptions regarding our ability to control 
variation which are important to consider. 
The measurable or observable variation among individuals in a population for a given 
characteristic is called phenotypic variation. Phenotypic differences can arise from a 
combination of genetic and non-genetic factors. For convenience, geneticists tend to lump all 
non-genetic factors together and call them environmental effects. Variation from genetic 
effects can be further subdivided into additive and non-additive components. According to 
genetic theory, production traits can be genetically controlled by either additive or non-
additive effects or a combination of both. Additive and non-additive sources of variation in 
the population, respectively, can be exploited by selection and crossbreeding. 
Some knowledge of statistics is helpful to develop a better understanding of how 
much variation exists in cattle populations. The standard deviation is a mathematical 
measurement of variation among individuals in a group. Though technically not quite 
correct, the standard deviation can sort of be thought of as how much individuals differ, on 
average, from the overall group or population mean (average). For traits that tend to follow a 
bell-shaped (normal) frequency distribution (as many cattle production traits do), we can 
estimate that approximately 68.3% of the individuals in the population will have trait values 
within one standard deviation (plus or minus) of the overall mean. Similarly, about 95.5% 
will have trait values within two standard deviations and 99.7% within three standard 
deviations of the overall mean. 
Consider, for example, birth weight in Table 1 (from Gregory et aI., 1995) which has 
a mean of 96 lb and phenotypic standard deviation of 11.9 lb. Based on expectations of a 
normally distributed trait, we expect about 4.5% of the birth weights to be at least two 
standard deviations away from the mean, about evenly split between the two tails of the bell-
shaped curve. That is, we expect about 2.25% of the birth weights will be 72 lb or less and a 
similar proportion will be 120 lb or heavier. About 99.7% of the calves would be expected to 
weigh from 61 to 131 lb, spanning a range of 6 standard deviations. 
The coefficient of variation (CV) expresses the standard deviation as a percentage of 
the mean. Phenotypic CV values for beef production traits are often in the neighborhood of 5 
to 20%. In the study of Gregory et al. (1995), phenotypic CV values ranged from 3% 
(dressing percentage) to 47% (fat thickness) and averaged 13% across 26 traits related to 
growth and(or) carcass composition (seven of the 26 traits are included in Table 1). 
Heritability is based on the ratio of genetic variation to phenotypic variation. Most 
estimates of heritability for beef cattle traits are less than .5, which suggests that non-genetic 
factors account for a significant degree of phenotypic variation. This implies that moderate 
reductions in genetic variability will have modest impact on phenotypic variability. The large 
amount of non-genetic variation suggests that current management practices are often not 
conducive to enhancing uniformity. Sometimes uniform management will have differential 
animal-to-animal effects, because animals often respond differently to environmental stimuli 
due to physiological differences caused by factors such as age, sex, maturity, genetic makeup, 
etc. Methods to reduce such differences among animals within a management group (e.g., 
reduced calving season, appropriate sorting into management groups) could help reduce 
phenotypic variation. 
Table 1. Measures of Variation for Selected Traits in a U.S. MARC Stud~ 
genetic 
standard 
Trait mean deviation 
Birth wt, lb 96 6.0 
Carcass wt, lb 736 30.2 
Fat thickness, mm 6.5 1.5 
Fat wt, lb 174 17.1 
Marbling scoreb 4.97 .40 
Shear force, kg 5.08 .38 
Panel tendernessC 5.08 .30 
a Source: Gregory et al. (1995). 
b 4.0 to 4.9 = slight; 5.0 to 5.9 = small. 
C 4 = slightly tough, 5 = slightly tender. 
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standard of 
















There is little question that a large amount of genetic variation exists for most 
biological traits important to beef production. A common question concerns how the degree 
of variation within a breed compares to variation between breeds. The answer depends on 
which breeds you wish to compare and on the trait of interest. In a study of diverse breeds at 
U.S. MARC (Wheeler et al. 1997), the mean difference between breeds with the lowest 
versus highest percentage of retail product equated to 7.87 genetic standard deviations. Ot! 
highest-versus-Iowest breed mean differences were 13.87 genetic standard deviations for 
carcass weight (adjusted to 426 days of age) and 4.14 genetic standard deviations for 
percentage of bone in the carcass. Of course, the differences between means of similar 
breeds were much smaller. Keep in mind that, on a within-breed basis, a range spanning si 
standard deviations will incorporate over 99% of the animals. Previous MARC research 
(Cundiff et aI., 1986) indicated that the range in breed means was similar to the range in 
within-breed breeding values (i.e., six genetic standard deviations) for many traits among t 
breeds evaluated. For many traits important to beef production, it can be concluded that the 
is considerable overlap among many breeds in terms of individual animal breeding values, 
although breeds that are at opposite extremes for a trait may have few, if any, animals with 
overlapping breeding values. 
Can selection be used as a tool to remove genetic variation? 
Continued selection in the same direction for a given trait will tend to decrease 
within-population genetic variation over time. In a broadly defined population (e.g., an ent] 
breed), it would likely take many generations of intense selection to substantially reduce 
genetic variability for most cattle production traits. A "closed" population developed from a 
narrow genetic base could provide relative genetic uniformity, although the effects of 
inbreeding could be a problem, and the time to expand a closed population to the point of 
serving retail markets would be prohibitive. Perhaps technologies such as cloning and 
embryo transfer, if they become cost-efficient on a large scale basis, will become useful for 
this purpose. 
Can sire selection or EPDs be used to improve uniformity? 
Using bulls of the same breed (or composite) should result in improved genetic 
uniformity as compared to using bulls of different breeds. The use of bulls from the same 
family may result in some additional genetic uniformity. In predicting how successful these 
practices might be, it is again worth pointing out that moderate reductions in genetic 
var:iability will likely have relatively minor impact on phenotypic variability. As a note of 
caution, it is important to choose the right family when using related sires, because the risks 
associated with sampling are not being spread as widely. 
EPOs can be used to improve uniformity with certain limitations. Using a battery of 
sires of the same breed with similar EPOs should result in improved uniformity as compare 
to using bulls with a wide range of EPOs. However, trying to improve uniformity by 
matching EPOs of the sire and dam may well be frustrating and often ineffective, as will be 
demonstrated below. Also, the Accuracy value that accompanies an EPO should not be 
interpreted as a measure of expected progeny variability. The Accuracy value reflects the 
amount of information used to calculate the EPO, and indicates the confidence one should 
have that the EPO closely approximates the true mean progeny performance. 
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Can within-breed mating systems be used to improve uniformity? 
Matings between animals with similar performance or EPDs will result in improved 
uniformity under some conditions, but not others. To demonstrate, consider an example in 
which animals have the same gene combinations at all but two loci (gene pairs) affecting 
birth weight. Assume that the values given in Table 2 are the relative contributions to birth 
weight of alternative genotypes of these two loci (excluding environmental and epistatic 
effects) expressed as deviations from the population mean, and that the overall average birth 
weight is 90 lb. To simplify things, we'll assume constant environmental effects for all 
animals so that differences in genotype completely determine phenotypic differences. Table 
3 shows all possible two-locus genotypes along with corresponding phenotype (birth weight). 
Note that different genotypes can sometimes produce the same phenotype. There are a total 
of nine possible genotypes and 5 possible phenotypes in this example. 
T bl 2 E a e xample 0 fth Effi e ect 0 fInd· ·d I G IVI ua . L· C if B· h W . ht enetlc OClon a Irt elgi . 
Possible Relative Type of 
Locus genotypes expression, lb gene action 
AA +5 
1 Aa +5 Complete dominance 
aa -5 
BB +10 
2 Bb 0 Additive gene action 
bb -10 
Table 3. All Possible Genotypes and Phenotypes for Birth Weight Example. 
Genotype Relative expression, lb Caifbirth wt , lb 
AABB +15 105 
AABb +5 95 
AAbb -5 85 
AaBB +15 105 
AaBb +5 95 
Aabb -5 85 
aaBB +5 95 
aaBb -5 85 
aabb -15 75 
Next let's consider some specific matings, again keeping in mind that the results do 
not include environmental effects. In each of the first four matings shown in Table 4, both 
parents have the same phenotype. Progeny uniformity ranges from complete uniformity in 
Mating 1 to extreme variability in Mating 3. It is clear that some, but certainly not all, "like-
to-like" matings result in uniformity. Furthermore, one of the matings between extreme 
opposites (Mating 5, AABB x aabb) resulted in highly uniform progeny. Mating opposites 
will not in general consistently improve uniformity, but such (corrective) matings need not be 
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avoided because of variability. One generality that is apparent is that progeny variability 
increases as degree of heterozygosity in the parents increases. Conversely, highly 
homozygous parents tend to produce progeny that are more uniform. 
Table 4. Possible Outcomes of Selected Matings. 
I I S~ I ~m Progeny 
Mating genotype birth \\It, lb. genotype birth \\It, lb. genotypes birth \\It, 
1 AABB 105 AABB 105 AABB 105 
only 
2 AABb 95 AaBb 95 6 types 85 to 10 
3 AaBb 95 AaBb 95 9 types 75 to 10 
4 AAbb 85 aaBb 85 2 types 85 to 9~ 
5 AABB 105 aabb 75 AaBb only 95 
6 AaBB 105 Aabb 85 3 types 85 to 9: 
One principle illustrated by the example is that it is sometimes possible for 
phenotypically similar animals to be quite different genetically, even in the same 
environment. Secondly, progeny uniformity will depend on the degree of homozygosity 
versus heterozygosity in the parents. An obvious question, then, is how to produce highly 
homozygous animals. Matings between related animals (inbreeding) will increase 
homozygosity over time, but may not be a practical alternative because inbreeding will 
increase the frequency of both desirable and undesirable homozygous gene pairs in the 
progeny (e.g., Mating 3 in Table 4). Over time, the frequency of the undesirable 
homozygous gene pairs can be reduced by selection, but the negative consequences in the 
interim tend to be too severe to justify inbreeding. 
Breeding systems for commercial production. 
A common question in the beef industry is the extent to which crossbreeding has 
contributed to increased variability. While it is true that some crossing systems do increase 
variability, others will have variation that is similar to the contributing straightbreds. 
Therefore, variability per se is probably not a logical reason to not crossbreed, because the 
potential advantages of heterosis and pOSSIbly genetic complementarity would also be 
missed. Furthermore, in cases where dramatic genetic change is desired, between-breed 
selection is generally more efficient than within-breed selection. 
The use of straightbreeding (sire and dam are of the same breed or composite) for 
commercial production might be justified when a single breed (or composite) provides both 
the optimal cow type and calf type. Straightbreeding requires only one breeding pasture 
which could be an advantage in small single-sire herds. A composite might be preferred ove 
a pure breed when a blending of two or more breeds is preferred over a single breed and 
when heterosis is thought to be important. Composites formed from divergent breeds, at 
least in early generations of inter se matings, might be expected to have more variability that 
a highly uniform pure breed. However, variability within composites at US MARC was 
similar to variability within contributing purebreds on average (Gregory et al., 1995). Unlike 
rotational systems, composites do not have significant between-generation variability 
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In rotational crossing systems, there is somewhat of a tradeoff between heterosis and 
between-generation variability, because each of these increases as the number of, and genetic 
distance between, contributing breeds increases. Like composites, rotational systems do not 
allow breed composition of market animals to differ from that of the cow herd. 
Terminal matings provide an opportunity to derive maximum potential benefits from 
crossbreeding while maintaining relative genetic uniformity. Optimal terminal systems for 
commercial production take advantage of maternal and individual heterosis, and allow the 
opportunity to use complementary "specialized" sire and dam breed-types. From an industry 
point of view, the use of such matings for commercial production allows seedstock producers 
to focus on a narrower range of traits, thus allowing a greater rate of genetic improvement 
per trait, and genetic antagonisms are less of a concern. Despite these apparent advantages, 
terminal matings are not especially widely utilized for beef production, largely because of 
issues related to production of replacement females. 
DESIGNING A BREEDING PROGRAM 
It is critical that producers, both seedstock and commercial, identify which market( s) 
they intend to serve and the corresponding desired production specifications. If the producer 
knows specifically what the economic rewards and discounts are for various levels of 
production, then the design of an appropriate breeding program becomes much easier. 
Unfortunately, general recommendations are not always particularly helpful to the individual 
producer because relative economic values for production traits tend to vary among 
producers (due to different resources, environments, markets, etc.) and can be vastly different 
across segments of the production chain. 
A logical approach is to determine an optimum economic balance between cow-calf 
production efficiency and traits that are of more importance to other industry sectors, 
including postweaning performance and carcass value. Thus, the common suggestion to the 
cow-calf producer is to match the cow to the environment and the calf to the market. Factors 
such as climate, feed resources, and level of intensity of management are important when 
choosing cow breed-types. Choosing an appropriate breeding system depends on such 
factors as herd size, availability of breeding stock, and the extent to which cow breed-type 
provides the desired characteristics in the market calf. Between-breed differences tend to be 
highly heritable, and so between-breed selection is generally more efficient than within-
population selection if dramatic genetic change is warranted. With the large array of cattle 
breeds available, it should be feasible to find, at least in a mixture of breeds, the right 
combination of trait production levels to fit most selection objectives. With regards to post-
weaning traits, general conclusions from breed evaluation research (Cundiff, 1997) indicate 
that: 
breed-types that excel in growth potential and cutability often produce heavier than 
optimum carcasses with less than optimum marbling; 
breed-types of moderate growth potential and higher marbling potential tend to 
produce fatter than optimum carcasses with lower cutability; and 
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certain breed crosses with 50:50 ratios of British to Continental inheritance are more 
likely to produce optimal levels of carcass weight, cutability, and marbling than most 
single breeds. 
In addition to choosing a breeding system and breed-type(s), sire selection is also an 
imgortant consideration, and the development ofEPDs have significantly improved selectiol1 
accuracy. Today, in several breeds, EPDs are available for any registered animal in the 
breed, and so commercial breeders often have access to bulls with EPDs. Even though the 
accuracy ofan individual young (non-parent) bull may be low, the accuracy of the average 
EPD of several young bulls is usually much higher. 
Compared to sire selection, selection of individual cows is much less important from 
a genetic standpoint for commercial producers. Cow selection is important in seed stock 
herds because the cow may produce bull progeny that will be used for breeding. In 
commercial herds, cow evaluation should be based more on expected production and 
convenience traits of the cow herself rather than on her expected genetic contribution to 
future generations. 
SUMMARY AND IMPLICATIONS 
Seedstock and commercial cow-calf producers have primary control of the genetics 
used by all sectors of the beef industry. If genetic change is needed by other sectors in the 
production chain, they need to provide feedback and economic incentives to the breeding 
herd sector. Genetic decisions should take into account resource constraints and marketing 
considerations, which tend to be specific to the individual enterprise. Thus, producers must 
pick and choose from general recommendations and fine tune those most applicable to them, 
while maintaining the flexibility to adapt as constraints change. 
A lack of product consistency is a major concern to the beef industry. Consequently, 
there has been much interest in sources and manipulation of variability. There is little 
question that considerable genetic and non-genetic variation exists within and between 
breeds for many cattle production traits. Environmental and resource constraints vary among 
producers and require that different cow breed-types and production methods be used in 
different herds, thus contributing to industry-wide variation. There are some methods of 
genetic control which could reduce within-herd genetic variability, although in many cases 
the reduction would be relatively small compared to phenotypic variation. Uniform 
management will not necessarily reduce phenotypic variation if the animals within a 
management group have variable requirements. Thus, it is important to reduce differences 
(in age, weight, maturity, etc.) among animals within a management group. 
Decisions to make in the design of a breeding program include selection of breeding 
system, breed-type( s), and individual breeding stock. The impact of genetic decisions can be 
difficult to predict. For example, a given bull could produce, on average, weaning weights of 
500 Ib in one herd and 550 Ib in another herd with the difference due to different dams and 
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environment. Over time, through trial and error, a producer can develop a better sense of 
expected production levels based on factors such as breed and EPD. To attain feedback on 
postweaning and carcass traits, cow-calf producers may need to develop alliances with 
feeders, and make use of programs such as steer feed-outs and carcass data collection 
services. 
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BULL GENETICS: PUREBREDS, COMPOSITES, FULL-sms AND HALF-sms 
Jim Gosey 
Beef Cattle Breeding Specialist 
Animal Science Department 
University of Nebraska-Lincoln 
INTRODUCTION 
Expected Progeny Differences (EPD's) are currently calculated for a range of traits 
important to ranch profitability. These EPD's are mostly used for bull selection within a breed. 
The list of traits for which EPD's are available is certainly not complete; notable exceptions are 
reproduction and fitness traits plus some measure of tenderness. Across-breed EPD adjustments 
are available to provide a basis for comparing bulls of different breeds. EPD' s for composite bulls 
can be calculated but are mostly confined to within herd data without the benefit of data base 
sharing between breeds. The perceived desire for uniformity and consistency may encoura~e 
breeders to assimilate closely related bull batteries in an effort to reduce variation. The potentIal 
impact of these various aspects of bull genetics deserves thoughtful examination. This paper will 
highlight some of these areas for the purpose of stimulating discussion. 
IMPACT OF BULL SELECTION 
Due to the greater number of potential calves sired each year by bulls compared to cows, 
the impact of bulls on genetic change IS large. Given that a sire, contributes a sample one-half of 
his genes to each calf and the maternal grandsire contributes another one-quarter and the maternal 
great-grandsire contributes another one-eighth; it can be said that sire selection controls 871;2 
percent of the genetic change in a trait over time. At least the sires used in the last three 
generations contribute 8712 percent of the genes of a particular calf crop. The formula for 
response to selection is: 
Response to selection (per year) = heritability (h2) x ~election Differential 
GeneratIOn Interval 
Heritability is the proportion of variation in a trait due to genetics or heredity. Generation 
Interval is the average age of parents when calves are born. Selection differential is the average 
superiority of selected parents in a given trait compared to the average of their contemporaries. 
Breeders have little or no control over heritability but do have some control of generation interval 
since younger bulls and females could be used to turn generations of selection faster. However, 
the breeder's greatest impact is through the control of the selection differential. The use of 
National Sire Evaluation programs to provide progeny proofs on relatively young bulls (3 to 4 
years of age) and the potential use of Artificial Insemination (A.I.) allow commercial herds to 
dramatically change the selection differential and thus, enhance response to selection. 
NATIONAL SIRE EVALUATION - EXPECTED PROGENY DIFFERENCES (EPD's) 
The advent of National Sire Evaluation programs in all of the major beef breeds in the 
U.S. has certainly changed the nature of bull selection and marketing of those bulls. Sire 
Summaries are now published annually (twice each year for some breeds) and increasingly 
available on the Internet or via disk complete with sire search capability so that breeders can shop 
for bulls based on their specifications. 
Although some differences do exist between breeds in the statistical model being used for 
their analysis, the heritability and genetic correlation traits (every breed understandably wants to 
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use estimates from their own data) and the genetic base; nonetheless, the result is a very useful 
system to rank: bulls within a breed for a variety of traits. Average EPD's of active sires for 
various breeds is presented in table 1. These averages cannot be used to compare breeds, but 
rather they provide a benchmark to compare bulls within a particular breed and to give breeders 
an indication of the genetic trend for various traits within that breed. 
Table 1. Breed Average EPD's for Active Sires 
Breed BW WW YW MILK 
Angus 3.1 27.3 48.2 11.1 
Beefinaster 0.1 3.5 6.9 2.8 
Brahman 1.3 10.0 17.3 4.4 
Brangus 1.5 15.7 26.9 0.4 
Charolais 1.8 12.9 19.0 1.6 
Gelbvieh 0.3 5.4 9.8 1.5 
Hereford 4.0 30.0 52.0 9.0 
Limousin 1.4 8.1 15.0 1.0 
Red Angus 0.8 24.8 41.6 9.7 
Salers 0.7 6.7 11.3 2.7 
Shorthorn 2.3 15.8 25.3 4.1 
Simmental 4.0 30.6 48.6 9.4 
ACROSS BREED EPD's 
Given the diversity of production environments, management systems and market targets 
that beefis produced in, it seems unlikely that a producer will optimize efficiency within just one 
breed of cattle. Bulls of different breeds can be compared with the use of adjustments as shown 
in table 2. This table is updated each year by Drs. Cundiff and Van Vleck and published in the 
Beef Improvement Federation (BlF) proceedings. These Across Breed adjustments are limited 
to comparisons made between breeds at the U.S. Meat Animal Research Center and are not as 
accurate as within-breed EPD's; however, they do represent head-to-head comparisons of 4891 
progeny of 388 sires used at USMARC and can be used to provide a good guideline to 
commercial ranchers who desire to make comparison of bulls of different breeds based on their 
EPD's. . 
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COMPOSITE BULLS 
Composite bulls won't offset poor management but they offer a tool to help solve 
production/management problems and optimize production for a wide range of environments. 
The impact of crossbreeding throuSh heterosis (hybrid vigor) and utilization of breed 
differences (complementarity) for major traIts like reproduction, calf survival, maternal ability, 
~owth, longevity and other fitness traits is powerful. The cumulative effect of crossbreeding can 
mcrease calf weIght weaned per cow exposed by 20 percent. 
Conventional crossbreeding programs fall short in "management ease" because: 1) 
Rotations tie u{' several breeding pastures; thus, complicating grazing management, 2) 
Identification by srre breed type is required for proper breeding pasture assignment and 3) There 
is a continual struggle with swings in breed composition as long as straight bred sires are used; 
thus, complicating heifer selection and marketing of steer progeny. 
Crossbreeding, along with selection against extremes, offers a method to blend desirable 
characteristics of several breeds in an effort to use both heterosis and complementarity while 
avoiding unfavorable senetic antagonisms. Composites may be the preferred tool to implement 













BENEFITS OF USING COMPOSITE BULLS 
Simplifies total management since only one breed type is maintained on the ranch. 
Optllnizes breed composition to match production environments and market targets. 
Utilizes complementarity between breeds in the foundation generation and also later if 
specialized srre and dam line composites are used. 
Eliminates the fluctuation in breed composition between generations. 
Provides a sustainable method to maintain reasonable levels of heterosis. 
Allows flexibility to tap future composites that may better target the product or fit a 
specific production enVlronment. 
Paternal heterosis in semen quality/quantity, mating capacity and longevity of crossbred 
bulls. 
CHALLENGES TO THE USE OF COMPOSITE BULLS 
Identification of composite seed stock sources that are adequately documented to fit a 
particular environment or market. 
Overcoming conventional thinking to develop databases for composite, hybrid and F 1 
cattle based on field data for major bioeconomic traits. 
Responding to the misconception that composite sires generate more variation than 
purebred sires at a time when uniformity and consistency are the catch words of the beef 
1Odustry. 
Dealing with the criticism that will come for lack of EPD's or alleged low-accuracy 
Across Breed EPD's on composite cattle. 
Getting beyond the "our-breed-can-do-it-all" mentality of some breeds while appreciating 
the need for a viable purebred seed stock segment of the industry. 
MA TCHING GENETICS TO RESOURCES 
Table 3 presents an attempt by the Beef Improvement Federation (BIF) to characterize 
production environments and estimate optimum productivity within those environments. 
Production environments are feed availability and environmental stress. Feed availability refers 
to the quantity and quality of native forage and supplemental feed. Environmental stresses 
~clude heat, cold, humidity, parasites, altitude, mud and disease. For each of the six traits listed 
10 the table either a Low, Medium or High level is recommended for each production 
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environment. For example, a typical range for low, medium and high levels of cow mature size 
might be 800-1000 lbs, 1000-1200 lbs and 1200-1400 lbs, respectively. 




Feed Environ- : Milk Ability Adapt-
Avail- mental pro- Mature to store ability 
ability stressl duction size energy' to stress· 
High Low MtoH MtoH LtoM M 
High M LtoH LtoH H 
Medium Low M+ M MtoH M 
High M- M M H 
Low Low LtoM LtoM H M 
High L L H H 
Breed role in terminal 
crossbreeding SYstems 
Maternal LtoH LtoM MtoH MtoH 
Paternal LtoM H L MtoH 
IL = Low; M = Medium; H = High. 
2Jieat, cold, parasites, disease, mud, altitude. 
3 Ability to store fat and regulate energy requirements with changing 
(seasonal) availability of feed. 






















The optimum trait levels shown in Table 3 are appropriate for General Purpose type 
cattle, cattle that are usually used in rotational crossbreeding programs. The lower part of the 
table lists optimum trait levels for both the maternal and paternal sides of a terminal crossbreeding 
program. 
Greater feed availability and lower degree of stress results in a wider optimum range of 
milk. Optimum range of mature size also changes with range of feed availability. Environmental 
stress probably only limits mature size when feed availability is low. 
Cows without the ability to store energy, when feed availability is low, often do not have 
enough body condition to rebreed quickly. Cows that do well in low feed environments may be 
fat cows in high feed-low stress environments. Since lean yield and ability to store fat are 
antagonistic, the optimum level of leanness varies with feed availability. A lean cow may be 
acceptable when feed is good but with limited feed, cows need to fatten easily. 
Resistance to stress is always important, especially in high stress environments. For 
example, heat tolerance is critical in hot, humid regions. Calving ease may become increasingly 
important as stress level increases or other resources (labor) decline. 
Recommendations for optimum trait levels for sires and dams in terminal crossbreeding 
systems vary somewhat from General Purpose types. Maternal cattle generally need more 
adaptability, more ability to store fat and less lean yield than General Purpose types. Milk 
production should be about the same but size should be less to take advantage of the 
comhaU:entary effects of using growthier terminal sires. Calving ease is very important. Traits 
emp . ed in terminal types are growth rate and lean yield. Milk production and ability to store 
energy are not very important in terminal types. Calvmg ease and adaptability in Terminal types 
is not as critical as in maternal types but should not be ignored. 
INBREEDING, LINEBREEDING AND RELATIONSHIP 
The desire to increase uniformity and consistency of beef results in increased interest in 
any tool that could be used to reduce variation. One such tool might be the use of closely related 
bulls in commercial herds in order to reduce the genetic variation in calves. In order to 
understand these concepts, a general discussion of some basics is useful. 
INBREEDING AND LINEBREEDING 
Inbreeding is a system of mating in which offspring are produced by parents that are more 
closely related than the average of the population from which they came. The genetic effect of 
inbreeding is to make more pairs of genes in the population homozygous regardless of the kind 
of gene action involved. Linebreeding is a special form of inbreeding but unlike inbreeding, 
linebreeding keeps the relationship high to a particular ancestor in the pedigree. 
CALCULA TING INBREEDING COEFFICIENTS 
The formula for calculating inbreeding coefficients is as follows: 
where 
~ refers to the inbreeding coefficient of individual X, 
~ is the Greek symbol meaning to sum or add all paths, 
n is the power to which one-half must be raised, depending upon the number of arrows 
connecting the sire and dam through the common ancestor, 
Fa is the inbreeding coefficient of the common ancestor. 
If the common ancestor is not inbred, the formula to use in calculating the inbreeding 
coefficient becomes: 
HALF-Sm MATINGS 
The following pedigree and arrow diagram show a full-sib mating, the sire and the dam 
of individual X having had the same sire (C). The only common ancestor in this pedigree is 








Pedigree Arrow diagram 
diagram shows that there is only one pathway from C to X through the sire and only one through 
the dam. This pathway may now be straightened out for illustrative purposes, and it becomes 
I 2 
X.-- S.-- C~ D~ X 
We now number the arrows running from the sire (S) through the common ancestor (C) 
to the dam (D). We do not count the arrows running from individual X to the sire and dam. The 
number of arrows connecting the sire and dam with the common ancestor is two, and this is the 
n in the formula. Our calculation of the inbreeding coefficient now proceeds by letting 
Fx = Y2 (Y2)2, or Y2 (0.25), or 0.125. 
The inbreeding coefficient of individual X, then, is 0.125, and this can be expressed as 12.5 
percent. 
FULL-Sm MA TINGS 
The method for calculatin~ the inbreeding coefficient for a full-sib mating is very similar 
to that described for half-sib matmgs, except that an additional path and common ancestor are 
involved. The following pedigree-and-arrow diagram illustrates how calculations are made for 
such a mating: 
Pedigree Arrow diagram 
The two pathways are 
1 2 
X - S - C - D - X=(l/2)2=0.25 
2 
X- s ---!..- F _ D - X=(l/2)2=0.25 
Total 0.50 
The inbreeding coefficient of individual X is one-half of the sum of these two paths, or Fx 
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= 12 (0.50) = 0.250, or 25 per cent inbreeding. Note that in this pedigree there are two common 
ancestors (C and F). We calculate the figure for all pathways, which totals two in this pedigree, 
from the common ancestors, and then sum all paths, as ~ indicates. Then, when all are added, 
we take one-half of the total to get the inbreedmg coefficient. 
SIRE X DAUGHTER MATINGS 
The inbreeding coefficient is calculated for parent X offspring matings in the same manner 
as for half and full sibs with only slight variations. The following is a pedigree of an individual 
from a mating of' a sire to his own daughter. The inbreeding coefficient from such a mating is 
0.25, providing the sire himselfis not inbred. 
G 
/ 
/S __ H 
X .......- G 






The pathway is 
X - S- D - X=(l!2)I=O.SO 
Thus, F% = 12 (0.50), or 0.25, or 25 percent inbreeding. 
Inbreeding coefficients for dam x son matings are calculated in a similar manner, except 
the arrow diagrams run from the dam as the common ancestor. 
SIRE X DAUGHTER MATING WITH THE SIRE INBRED 
The following pedigree is one in which a sire x daughter mating is made, but the sire 
himself is inbred. The first step in calculating the 
,..............C 
/A __ E 
/s~ /c 
/ B __ E 
x\/s<S~ 





inbreeding coefficient for such an individual is to complete the arrow diagram as shown. 
The first common ancestor in this pedigree, is individual S, which is the sire of individuals 
X and D. First calculate the inbreeding coefficient of individual S or the sire, as was done in the 
previous example for full-brother x full-sister matings. After this is done, for each path going 
from individual S to individual D, which is just one in this case, we multiply the path by (1 + Fa), 
or one plus the inbreeding coefficient of individual S. 
The calculation of the inbreeding coefficient for individual S is as follows: 
.. A -,,1---S 





--i __ B ---
2 
--i __ B ---
s = (112)2 = 0.250 
S = (1/2)2 = 0.250 
0.500 
The inbreeding coefficient of individual S, or Fs, would be Y2 (0.500), or 0.250, or 25 percent. 
We now proceed to calculate the inbreeding coefficient (FJ of individual X. Only one pathway 
is involved, and this is 1 
X ---- S ---- D -- X = (112)1. or 0.50. 
Since individual S, which is the common ancestor, is inbred, we must use the complete formula 
as ~ven earlier. The computations then are F" = Y2 [0.50 (1.25)] = Y2 )0.625), or 0.3125. Thus, 
indIvidual X is 31.25 percent inbred. 
COEFFICIENTS OF RELATIONSHIP 
The coefficient of relationship between two individuals is an expression of the probability 
that they possess duplicate genes, because of their common line of descent, over and above those 
found in the base ~opulation. It is evident that an increase in inbreeding causes the relationship 
of individuals within an inbred line to increase. On the other hand, it is possible for two different 
inbred lines to be inbred the same amount but still not be related. For example, individuals in an 
Angus line might be inbred 25 percent and in a Hereford line a similar amount. They do not have 
duplicate genes in common because of common descent, although they do possess some of the 
same genes because they belong to the same species. 
RELA TIONSHIP COEFFICIENTS BETWEEN COLLA TERAL RELATIVES 
Methods of calculating relationships are very similar to those used for calculating 
inbreeding coefficients, and arrow diagrams are of value in this respect. The formula is as 
follows: 
where 
R =:E [(V2t(1 +Fa)] 
xy J (l+FJ (1 +Fy) 
Rxy is the relationship coefficient between animals X and Y, 
:E is the Greek symbol meaning to sum or add, 
" 
is the number of arrows connecting individual X and Y through the common ancestor for 
each path, 
F" is the inbreeding coefficient of animal X, o is the inbreeding coefficient of animal Y, 
l' a is the inbreeding coefficient of the common ancestor. 
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If individuals X and Yand their common ancestor are not inbred, the fonnula becomes: 
Rxy = ~ [(Yzt]. 
The following is an example in which the relationship coefficient between half brothers and 
half sisters is calculated. In this example, we shall let individual X be the male and individual Y 
the female. Since none of the individuals involved are inbred, we can use the simple fonn of the 




Pedigree Arrow diagram Pathway 
The relationship coefficient between individuals X and Y, or Rxy> is ( Yz )2, or 0.250. This 
means that these two individuals are related by about 25 percent, or they probably have an 
increase in this percentage of duplicate genes over that found in the base population. 
The calculation of the relationship coefficient between full brothers and sisters is similar 
to the above example, except that there are two common ancestors in such a case, and there are 
two pathways of gene flow. The calculation of the coefficient of relationship is as follows: 
A 
X / X~ ~B 1 2 
vY X - A --V = (1/2)2 = 0.250 1 2 X - B --V= (1/2)2 = 0.250 
~A 
V 
~B Totals 0.500 
Pedigree Arrow diagram Pathways Rxy 
The relationship coefficient for individual X and Y in this example is 0.50. 
USE OF RELATED BULLS IN COMMERCIAL HERDS 
At first thought, the idea of using related bulls in a commercial herd would seem to make 
good common sense; however, using related bulls will likely have far less impact than most 
ranchers might believe. Table 4 shows the genetic relationship of various bull groups and the 
resulting genetic variation shared within the bull battery. Phenotypic variation is a combination 
of genetic and environmental variation; thus, the heritability of the trait is important. Traits low 
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environment. Table 4 includes unrelated bulls of the same breed being used for comparison 
because all cattle in a breed are somewhat related even if it is distant. Also for comparison is a 
scenario where one sire is used, perhaps via A.I. to sire the whole calf crop. Using the 
intermediate level of heritability = 40 percent, we see the relatively low impact of a full-brother 
bull battery on increasing genetic likeness. 
Table 5 carries this comparison one step further to look at the potential impact on the 
phenotypic variation in calf crops sired by the various bull batteries. Again at the heritability of 
40 percent, the impact of full-brothers, for example, on reducing variation is minimal (5 percent). 
Usmg one sire would be twice as effective (10 percent) as using a full-brother battery of bulls. 
Table 6 examines an important but often ignored point about the genetic relationship being 
an "average" estimate. Depending on the number of gene pairs that affect the trait of interest, the 
standard deviation (amount of variation around the mean) tells us that, for example, not all full 
brothers share "exactly" 50 percent of their genes. 
Table 4. Effect of Relationship on Variation in a Bull Battery 
Bull Battery 
Relationship 














Percent Genetic Variation 
Shared Within the Bull Battery 
*hi=.20 hZ=.40 hZ::.60 
1 2 3 
5 10 15 
7 15 22 
10 20 30 
20 40 60 
Table 5. Effect of Bull Relationship on Calf Crop Variation 
Bull Battery 
Relationship 





hZ::heritability of trait 
Percent Reduction in Calf Crop Phenotypic 
Variation due to Bull Relationship 
*h:t=.20 hZ=.40 h.z::.60 
4 4 1 
1 2 4 
2 4 6 
3 5 8 
5 10 15 











Percent Standard Deviation of 
Genetic Relationship with Various 
Number of Gene Pairs 
Gene Pairs = 9 25 49 81 
"8 "5 3.5 3-
12 7 5 4 
17 10 7 5.5 
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Table 7. Deviation from Average Genetic Relationship with 25 Gene Pairs 
Avg. Genetic Range in Genetic Relationship at 1,2, or 3 Std Deviation 
Relationship Relationship ± 1 Std Dev. (68%) ± 2 Std Dev. (95%) ± 3 Std Dev. (99%) 
Half-Brothers.25 20-30 15-35 10-40 
o/..-Brothers .37 30-44 23-51 16-58 
Full-Brothers .50 40-60 30-70 20-80 
Given 25 gene pairs affecting a trait, table 7 shows the amount of variation that would be 
expected in genetic relationship. Again using full-brothers as examples, we see that 68 percent 
(± 1 standard deviation) of such full-brothers would have a true genetic relationship between 40 
percent and 60 percent. Also, smaller numbers of bulls would be even farther to the extreme ends 
of the normal distribution (Bell curve). Thus, while full-brothers have a genetic relationship 
which "averages" 50 percent, there will be a small number which will share substantially more (80 
percent) and others substantially less (20 percent) of a genetic relationship. 
A dramatic example of two full-brothers that likely have a low genetic relationship is 
presented in table 8. 























Table 9 is an example of variation that exists within half-sibs; in this case, all 66 sons of 
the Angus bull, Scotch Cap. 
























If a rancher had used all 66 sons of Scotch Cap, on average, the result would have been 
predicted by Scotch Cap's EPD's but, like all bulls, Scotch Cap sires a distribution of individuals. 
Seems to me the lesson to take home from all of this is that progeny proofs are still 
needed and that seedstock herds need to continue to use a mixture of "proven" SIres and young 
sires. Commercial herds should pay particular attention to buying bulls that meet their 
specification regardless of their relationship and perhaps be wary of paying a premium for closely 
related bulls. 
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SELECTION EMPHASIS FOR CARCASS TRAITS 
John Crouch, Director Performance Programs 
American Angus Association 
Carcass evaluation for the Angus breed was conceived by Dr. Richard Willham and 
co-researchers at Iowa State University in 1972 as part of the original sire evaluation 
program. This very structured program consisted of random mating schemes throughout 
several commercial herds using the same set of bulls. These sires were later referred to as the 
original set of reference sires for the Angus breed and served as foundation benchmarks for 
future evaluation. 
This structured sire evaluation program is still in place. While it has been refined and 
altered by Dr. Doyle Wilson to fit today's needs, the basic principles are still in tact. 
(Guidelines for structured sire evaluation have appeared in the Angus Joumal on a periodic 
basis and are available from the association upon request.) 
When we consider the use of carcass EPD, we must remember that the improvement 
oflivestock is somewhat like mapping out a trip. First, we must know where we are. 
Secondly, we must determine where we are going, and thirdly, we must plot a route. 
Before we are able to make improvements in carcass traits we must establish some 
knowledge of the genetic merit of the herd for these traits. The time tested means of 
retrieving carcass data, of course, is through retained ownership of steers from conception to 
slaughter with cooperating feedlots and packers in order to obtain carcass data on each 
individual animal slaughtered. 
This is relatively easy for large operations; however, it does provide problems for 
smaller producers with insufficient progeny numbers to make the system work. In this regard, 
some groups have pooled resources and livestock in order to efficiently retain ownership, feed 
steers, and recover carcass data. 
In measuring carcass merit, we are concerned with those traits which effect carcass 
value. These are: 
1. Age or youthfulness as determined by the color of the bone and the hardness or 
degree of ossification of the split dorsal processes of the vertebrae. The 
youngest classification, "A" maturity, is approximately 30 months old or less. 
2. USDA yield grade is an attempt to classifY carcasses as to cutability or yield of 
closely trimmed retail cuts from the round, loin, rib and chuck. 
Four characteristics considered in determining yield grade are: 
a. external fat thickness over the 12th rib 
b. percent kidney, heart, and pelvic fat 
c. area of the rib eye muscle at the 12th rib 
d. hot carcass weight 
USDA yield grade 1 is very lean and yield grade 5 is very fat. 
3. USDA quality grade is determined by age and marbling. The following 
pictures and charts (Table 1 and 2) illustrate various quality grades and 
corresponding marbling scores. 
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Table 1. illustration of Marbling Scores. 
Illustrations of Marbling 
Moderately Abundant Slightly Abundant Moderate 
Modest Small Slight 
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Since the Angus breed is noted for carcass merit, it is also important to know the 
adjusted averages for the steers in the carcass data base. 
Table 3. Phenotypic Averages for Carcass Traits. 
Adjusted1 carcass weight, Ibs. 756 
Adjusted fat thickness, in. .55 
Adjusted rib eye area. sq. in. 12.4-3 
Adjusted marbling score 5.81 
Percent Retail Product 62.6 
1 Carcasses adjusted to 480 days of age at slaughter 
For carcass weight (756 lbs.) and marbling (Small 81, Low Choice), the average of the 
Angus breed is excellent. However; from an idealistic standpoint, we should perhaps strive 
for an average range in fat thickness from .30 to .40 inches and slightly increase average rib 
eye area. The question is "How can this be accomplished?" The answer is through genetics, 
over time. 
It has been said that most traits expressed by animals are a result of two factors: 
genetics and environment. Genetic levels controlled by genes regulate portions of traits 
passed from parents to offspring. 
Table 4 illustrates the genetic and phenotypic relationship between carcass traits as 
well as heritability estimates. 
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Table 4. Carcass Trait Heritabilities and Correlations. * 
CWT MS RA FT %RP 
Carcass Weight (CWT) .301 _.012 .50 .17 -.16 
Marbling Score (MS) .37 -.06 .00 .02 
Ribeye Area (RA) .40 -.03 .26 -.14 .55 
Fat Thickness (FT) .24 .15 -.10 .25 -.85 
% Retail Product (%RP) -.26 -.16 .53 -.80 .23 
1 Diagonal elements represent trait heritabilities 
2 Upper off-diagonals are genetic correlations 
3 Lower off-diagonals are phenotypic correlations 
* Angus Sire Evaluation Report Fall 1997 
Note that the trait heritabilities on the diagonal are .30 for carcass weight, .37 for 
marbling, .26 for rib eye area, .25 for fat thickness, and .23 for percent retail product. These 
traits are moderate to highly heritable, which means that we can make rapid progress through 
proper sire selection. 
Also note the genetic correlations expressed above the diagonal. The genetic 
relationship between marbling and rib eye area at -.06 is slightly negative, but close to zero. 
The genetic relationship between marbling and fat thickness is even less at .00. This means 
that each of these traits can be improved independently of the other traits. For example, the 
Angus data suggests that we can increase marbling, and rib eye area and simultaneously 
reduce fat thickness through proper selection procedures. 
At this juncture, it is important to understand exactly how the four carcass EPDs are 
defined and what the EPD means: 
1. Carcass Weight EPD is the differences in hot carcass weight from breed 
average of the progeny of sires at 480 days of age. It is expressed in pounds. 
Like other EPDs, the absolute value is not as important as the differences 
between the sires. As previously pointed out, the average adjusted carcass 
weight of the steer progeny in the Angus data base is 756, however; due to 
differences in environment and the genetic values in commercial cows, the 
majority or about 70 percent of progeny carcass weights for sires that are 0 or 
breed average have ranged from approximately 765 to 845 pounds. 
2. Rib Eye Area EPD is the differences from breed average of rib eye area of the 
progeny of sires at 480 days. The measurement is taken at the 12th rib and 
expressed in sq. inches. At a constant weight end point, rib eye area has shown 
to account for significant variation in percent retail product. There is also a 
high genetic correlation between rib eye area and total retail product. Care 
should be taken when using the ratio of rib eye area to carcass weight as 
selection on this index will result in changes in mature size. Generally, the 
higher the ratio the smaller the mature size. Ranges in rib eye area for the 
majority of the progeny of sires with zero EPDs are from approximately 11.0 
to 14.0 sq. inches with the steer average at 12.43 sq. inches. 
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3. Marbling EPD is the differences from breed average of the marbling score of 
the progeny .of sires at 480 days. It is expressed as a percent of 1/3 of a 
marbling score. The average marbling score of the steers in the data base is 
5.81 or Small 81 which corresponds to Low Choice 81; which is very close to 
Average Choice. Sires with zero marbling EPD sired steers the majority of 
which exhibited marbling scores ranging from 4.80 or Slight 80, which 
corresponds with High Select, to 6.80, which is Modest 80 and is Average 
Choice. These averages again depend on nutrition, environment and the 
genetic strength of the cow herd for marbling. 
4. Fat Thickness EPD is the differences from breed average of the average 
external fat thickness of the progeny of sires at 480 days. It is measured over 
the 12th rib and expressed in inches. Fat thickness has a negative genetic 
relationship to percent retail product. 
5. Percent Retail Product EPD expresses the difference from breed average in 
percent retail product of a given sire's progeny. This EPD combines the 
traditional carcass traits used in calculating yield grade and is heavily 
influenced by external fat thickness. 
The following scenario illustrates how carcass EPDs can be effectively applied: 
Let's say we run a 200 head cross-bred cow herd, these cows were bred to a bull 






Rib Eye Area 
+.0 
The steer calves were retained and kept in the same group from birth to slaughter and 
all processed the same day. A glance at the data revealed the following: 
Average Carcass Weight = 700 Ibs. 
Average Marbling Score = 4.80 (Slight 80) 
Average Grade = Select 
Average Rib Eye Area = 12.0 sq. inches 
The following year in an effort to increase quality and yield, a bull names Richard II 






Rib Eye Area 
+.30 
Assuming that nutrition and environment were the same, the averages of the next calf 
crop would be expected to be the following: 
Average Carcass Weight = 
Average Marbling Score = 
Average Grade = 
Average Rib Eye Area = 
710 Ibs. 
5.10 (Small 10) 
Low Choice 
12.3 sq. inches 
If yield grades of both groups were the same assuming a $4.00 spread/cwt. between 
the select grade and the choice grade, Richard's steer progeny are worth on the average 
$28.40 more than Henry's. Multiply this by 100 and we have an increased value of $2,840 for 
the lot of cattle. 
45 
Profit in the beef industry is effected by many factors. From a genetic standpoint, 
reproduction is by far the most important trait, followed by early growth per unit of feed, and 
maternal ability. Through proper sire selection, we can keep these traits at optimum levels. 
These factors combined with acceptable carcass qualities will go a long way toward ensuring 
the success of the beef industry. 
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INTRODUCTION 
The selection problem, that of choosing which individuals become parents, is inherent 
in all of beef production. This problem almost invariably involves evaluating animals on more 
than one trait and making compromises among traits to arrive at a final evaluation of each 
candidate for selection. In a capitalist society, profitability seems a logical unit of expression 
for that final evaluation. It is certainly the basis of evaluation intended in the original 
development of selection index in the animal sciences (Hazel and Lush, 1942; Hazel, 1943). 
Thus, a desire on the part of producers to maximize profitability is assumed throughout this 
presentation. 
Profitability implies a buy-sell transaction takes place and thus seemingly suggests that 
it is maximized by producing the product of greatest value to the customer at least cost. These 
changes in profitability are usually referred to as relative economic values. It is the relative 
economic values which provide direction to the selection program. The knowledge that most 
genetic improvement is made by seedstock breeders and recognition of consumers as implicit 
customers (commercial producers, feedlot operators and etc. are intermediaries) has led to the 
philosophy that seedstock selection decisions be based on ultimate customer satisfaction. Said 
differently, seedstock selection decisions should be made in a way that maximizes profitability 
for the entire industry as though it were one vertically integrated production system. 
Existence of industry-wide specifications for beef product, such as those proposed as a 
result of the national beef quality audit (National Cattlemen's Beef Association, 1995), do not 
suggest that there should be industry-wide selection indexes. Resources available for production 
(classically: land, labor, capital, and management) and level of production vary among 
production units resulting in different economic structures. As a result, relative economic values 
will differ among production units and each may have a different selection index. It is unlikely 
that there will be a "one size fits all" solution to the problem of selecting breeding stock to 
maximize profit. 
!This paper is a contribution from USDA-ARS and the Montana Agric. Exp. Sta., cooperatively and 
has been approved for publication by the director of the Montana Agric. Exp. Sta. as Journal Series J-5092. 
Mention of a proprietary product does not constitute a guarantee or warranty of the product by USDA, Montana 
Agric. Exp. Sta., or the authors and does not imply its approval to the exclusion of other products that may also 
be suitable. The USDA-ARS, Northern Plains Area is an equal opportunity/affirmative action employer. and 
all agency services are available without discrimination. 
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Causing genetic change in profitability is not a new idea for the Beef Improvement 
Federation. Five years ago, Bourdon (1992) discussed the genetic tradeoffs among economically 
important traits. At that same meeting the systems committee also dealt with economic values 
of various traits (MacNeil and Newman, 1992). Further, at an American Society of Animal 
Science symposium held that year, Harris and Newman (1992) presented a comprehensive 
review of how genetic evaluation might become economic improvement. At the genetic 
prediction workshop held in 1994, we again broached the subject (Barwick, 1994; Melton, 1994; 
and Newman et aI., 1994). More recently, Melton (1995) provided an economic framework for 
genetic improvement. 
The goals of this presentation are as follows. First, basic selection index formulation is 
reviewed. The present review differs little from earlier reviews of the same topic by 
Cunningham (1972) and James (1982) among others. Second, a vision for using national cattle 
evaluation to predict economic merit is developed following the work of Henderson (1963) and 
Schneeberger et aI. (1992). Third, alternative methods to estimate relative economic values for 
use in selection indexes are discussed. The presentation is concluded with a vision of the Beef 
Improvement Federation's role in bringing about seedstock selection programs motivated by 
profit maximization. It is also hoped that this review provides entry-points into the significant 
body of scientific literature on selection indexes. 
CLASSICAL SELECTION INDEX 
Selection index is a technology to maximize genetic improvement in a specified 
objective, in this case profitability. The relative contribution to profitability of any candidate for 
selection as a potential parent (H) can be specified as: 
H=a'g (1) 
where, the g is a vector of true breeding values for the set of economically important traits; and 
a is the marginal contribution of member ofg to profitability. The value H is referred to as the 
breeding objective in a substantial portion of the literature. Obviously, the true breeding values 
cannot be known without error and hence selection must be practiced on predictors of them. The 
original specification of selection index foresaw use of a correlated variable (I) based on the phe-
notypic performance of each animal for several traits (Hazel, 1943). Hence, 1 was defined as: 
1 = b'p (2) 
where, the p is a vector of phenotypic values for the set of selection criteria; and b are the 
weighting factors used in making selection decisions. In order to maximize the correlation of 
H and 1 (RIH), the information is combined as: 
Ga = Pb (3) 
where, G is a nxm matrix of genetic variances and covariances among all m traits; a is a mx1 
vector of relative economic values for all traits; P is a nxn matrix of phenotypic variances and 
covariances among the n traits measured and available as selection criteria; and b is a nx 1 vector 
of weighting factors to be applied to the traits used in making the selection decisions. The 
preceding equation is then solved as: 
p-1Ga = b (4) 
to obtain weighting factors contained in b and candidates for selection are ranked based on I. 
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Alternative indexes that target the same breeding objective can be compared based on the 
magnitude ofR'H calculated as: 
RIH = b'Pb/a'Qa (5) 
where b, P, and a are as defined previously, and Q is a mxm matrix of genetic variances and 
covariances among all m traits considered part of the system. Also, it is sometimes useful to 
compare two indexes based on the correlation (r,J between them: 
fI2 = b')Pb/[(b')Pb))(b'2Pb2)]5. (6) 
When performance of relatives of the candidates for selection and( or) repeated 
observations of some traits has been recorded, the accuracy of the index as formulated 
previously can also be improved by including that information. Computer programs to perform 
these calculations are widely available. 
AN.EXAMPLE Consider the situation where 3 measures, birth weight (BW), yearling weight 
(yw), and scrotal circumference (SC) are taken on yearling bulls and 2 traits, net reproduction 
(NR) and carcass merit (CM). If, arbitrarily, NR is 20-fold more important than CM in 
determining profitability, how should the performance records be evaluated? Equation 3 needs 
to be solved for the selection index weighting factors. The necessary information can be 
obtained for estimates of phenotypic variance (or standard deviations), heritability and genetic 
and phenotypic correlations reported in the scientific literature. Alternatively, if enough data is 
available from the popUlation being evaluated, these statistics can be calculated expressly for this 
population. For the purpose of this example, let the full genetic variance-covariance matrix be: 
Q= 4.04 11.07 0.00 -0.01 3.02 
11.07 199.15 8.00 0.00 35.28 
0.00 8.00 2.01 0.05 0.89 
-0.01 0.00 0.05 0.01 -0.13 
3.02 35.28 0.89 -0.13 156.25 
with the outlined partition being G. The phenotypic variance-covariance matrix is: 
p= 14.98 54.77 
54.77 538.24 
1.04 15.07 










Then without showing the math, which would presumably be performed using a computer, 
b= -0.075 
Consider 5 candidates for selection with records as follows: 
Bull no. BW,kg YW,kg 
93502 41 460 
93552 45 494 
93452 32 464 
93469 44 486 









Based on equation 2, their evaluations for potential contributions to profitability are as follows: 
Bull no. Evaluation Rank 
93502 -0.075(41) + 0.068(460) + 0.193(34) = 34.8 5 
93552 -0.075(45) + 0.068(494) + 0.193(36) = 37.2 2 
93452 -0.075(32) + 0.068(464) + 0.193(33) = 35.5 4 
93469 -0.075(44) + 0.068(486) + 0.193(36) = 36.7 3 
93507 -0075(40) + 0 068(549) + 0.193(38) = 41 7 
EXTENDING SELECTION INDEX TO NATIONAL CATTLE EVALUATION 
The preceding derivation of selection index largely assumed selection to be based 0: 
phenotype as a means of improving genotypic merit. Solutions to mixed-model equations ar 
now widely used as predictors of genetic merit for individual traits. Henderson (196: 
demonstrated that the BLUP for H was si:'11ilar to equation 1 with the true breeding valli{ 
replaced by their respective BLUP. This development has important advantages in applicatiOl 
First, appropriate adjustments for unequal amounts of information are incorporated into tht 
predictions of G j • Second, the aj can be customized to account for differences in breeding, 
production, and marketing systems. However, it is unlikely that predicted breeding values (or 
expected progeny differences) will be available for all economically important traits as part of 
a national cattle evaluation. 
Multiple trait mixed model equations used in national cattle evaluation are: 
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l X'R -IX Z'R -IX Z'R -IZ + = [X'R -lyj Z'R -ly (7) X'R -IZ 
where, X and Z are known incidence matrices relating observations (y) to fixed effects (p) and 
breeding values (u), respectively; 
A is the numerator relationship matrix; 
Gll is the genetic variance covariance matrix among traits included in the national cattle 
evaluation; and 
R is the residual variance covariance matrix. 
These mixed-model equations may be augmented as follows to include the breeding values of 
economically important traits (g) for which no data has been recorded (Schneeberger et al., 
1992): 
X'R -IX X'R -IZ P X'R -ly 
Z'R -IX Z'R -IZ +A-1 *G ll A -1 *G 12 u = Z'R -ly (8) 
0 A -1 *G 21 A -1 *G 22 g 0 
where, 
[;j [Gil Gll] and Var = A* = G, G21 G22 
[
G 11 G 12j 
G -1 = A -1 * 
G 21 G 22 
It follows that, for the kth candidate for selection, predicted breeding values for the economically 
important traits are: gk = G21 Gll-1Uk (9) 
and as per Henderson (1963) candidates for selection can be ranked using equation 1 with 
predicted breeding values substituted for the true breeding values. Thus, BLUP of the breeding 
objective is: a'gk = a'G21Gll-luk' (10) 
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and the selection index weights (b) for predicted breeding values from national cattle evaluation 
are: b=a'G21 Gll -
1 (11) 
It follows that the k candidates for selection can be equivalently ranked based on genetic 
evaluations currently produced using Ik = b'uk . This is the same formulation of selection 
index weights for available predicted breeding values used in the Australian B-OBJECT software 
(Barwick, 1994). 
Where breeding values can be calculated for all traits in the recording scheme 
simultaneously, the preceding strategy seems to be the recommended approach to developing 
breeder specific selection indexes. It is believed that most organizations providing genetic 
evaluation services are moving in the general direction of multiple-trait evaluation. Managers 
of these services could serve their customers by providing a framework to use in calculating a. 
This framework would most likely include traits for which data are not recorded. Hence, 
compiling genetic covariances for the non-recorded economically important traits with recorded 
traits also becomes an important part of the mission of national cattle evaluation services. 
Adjustments in methodology made necessary by differing analytical strategies combining single 
and multiple trait evaluations for subsets of all traits can be developed. Bowman et ai. (1996) 
provide an illustrative example pertaining to selection indexes for dairy bulls. 
In some situations, national cattle evaluation may not develop full multiple trait 
prediction systems for some time. This may be particularly true for some categorically 
distributed traits. If the genetic and environmental covariances necessary for multiple trait 
BLUP of EDP are assumed known, use of univariate predictions may compromise selection 
response by up to 15% (Villanueva et aI., 1993). However, if the true covariances are unknown, 
but estimated and subject to error, the loss in efficiency of selection associated with using 
univariate genetic predictions may be reduced. Wilton (1982) suggested that, in practice, 
replacement of genetic predictions from multiple-trait evaluations with corresponding 
predictions from a series of single-trait evaluations may be an adequate approximation. Thus, 
calculating selection index weights as in equation 11 and applying them to the available BLUP 
of breeding values may be a starting point from which to implement genetic evaluation for 
profitability. 
AN EXAMPLE The same bulls evaluated previously using their phenotypic information also had 
EPD calculated as part of a national cattle evaluation. The selection index weighting factors 
appropriate to the EPD can be calculated using equation 11. Necessary partitions of the genetic 
variance covariance matrix are outlined below: 
Q= 4.04 11.07 0.00 -0.01 3.02 
11.07 199.15 8.00 0.00 35.28 
0.00 8.00 2.01 0.05 0.89 
-0.01 0.00 0.05 0.01 -0.13 
3.02 35.28 0.89 -0.13 156.25 
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As previously, ignoring the calculations, the new selection index weights for the EPD of the 
candidates for selection are: 
b= -0.075 .068 .193 
Notice that these selection index weights for the EPD are exactly equal to the selection index 
weights for the phenotypes. Then, given national cattle evaluation results for the candidates for 
selection below, 
Bull no BW,kg YW,kg SC,cm 
93502 +0.3 42 +0.0 
93552 +1.6 50 +0.6 
93452 -4.4 34 -0.2 
93469 +1.0 50 +0.3 
93507 +0.5 53 +0.5 








-0.075( 0.3) + 0.068(42) + 0.193( 0.0) = 2.8 4 
-0.075( 1.6) + 0.068(50) + 0.193( 0.6) = 3.4 2 tie 
-0.075( -4.4) + 0.068(34) + 0.193(-0.2) = 2.6 5 
-0.075( 1.0) + 0.068(50) + 0.193( 0.3) = 3.4 2 tie 
-0 075( 0.5) + 0.068(53) + 0 193( 0 5) = 3.7 1 
Notice, that while the ranks are substantially the same using a selection index ofEPD as they 
were using a selection index of phenotypes, there has been some re-evaluation of individuals. 
In this case, the evaluation based on EPD is preferred because the EPD are a more accurate 
indicator of genetic merit than is phenotype. 
RELATIVE ECONOMIC VALUES 
At its core, selection index is nothing more than a formalized statement of trade-offs 
among various traits used in evaluating candidates for selection. It is discovering and 
quantifying a complete set of traits that are economically important that is new to our 
conventional way of thinking about genetic evaluation and improvement. Up to this point, the 
relative contributions of various traits to profitability were taken as given. However, this cannot 
be the case if selection is to be most efficient for individual producers. We are required to 
develop a comprehensive and systematic way of relating changes in performance levels at the 
animal level to changes in profitability at the enterprise or production system level. 
It seems likely the originally intended method of deriving relative economic values was 
multiple regression of profit on phenotypic performance. This approach brings to light primary 
problems of choosing appropriate independent variables, over-specified and collinear regression 
models, and data recording. Use of explicit simulation models, be they a few straightforward 
equations or interactive systems of thousands of equations, has been a frequently chosen 
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alternative. However, while providing mathematically tractable estimates of the relative 
economic values, solutions to the root problems of the mUltiple regression models have been 
then left to intuition. 
There is a substantial body ofliterature, stemming from Moav and Hill (1966), in which 
relatively straightforward "profit equations" have been used as the basis for deriving the relative 
economic values necessary to guide genetic improvement (e.g., Ponzoni, 1988; Newman et aI., 
1992; Wolfova et aI., 1995). Alternatively, viewing genetic improvement as technological 
change using a farm-level model based on neoclassical econometric theory of the firm may 
provide more general solutions (Arner and Fox, 1992). 
The method using profit equations for determining relative economic values for beef 
production was implemented by Ponzoni and Newman (1989) and is reviewed here as an 
example of that technology. Profit (n) was the difference between revenue and cost, which is 














n of male calves x value per individual 
n of surplus heifer calves x value per individual 
n of cull cows x value per individual 
feed consumed by male calves x feed price 
feed consumed by heifer calves x feed price 
feed consumed by cows x feed price 
n of male calves x husbandry cost per individual 
n of female calves x husbandry cost per individual 
n of cows x husbandry costs per individual 
n of male calves x marketing cost per individual 
n of surplus heifer calves x marketing cost per individual 
n of cull cows x marketing cost ~er individual 
fixed costs 
Translation of the revenues and costs into biological and economic units follows. 
nmalecalves = .5N[NCW - .01(CD-50)][CWm(1.95-.025(FDm - 8.)) - .03Flm - 2.68 - 21.62] 
where, N = number of cows, which was assumed constant and equal to 1000; 
NCW = number of calves weaned by a cow, which may be modified as a function of 
calving date (CD), such that earlier average calving date results in a 
greater number of calves weaned; 
CW m = carcass weight of 9-month old male calves, the nominal value of which 
($1.95Ikg at 8 mm of fat) may be modified by differences in fat depth 
(FDm) at the rate of $.025 per mm; 
F1m = feed consumed to 9-months of age by a male calf at a nominal value of 
$.03Ikg. 
Husbandry and marketing costs per male calf are $2.68 and $21.62, respectively. Similarly, 
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TCfemalecalves = .5N[NCW - .01(CD-50)][CW~1.80-.03(FDf- 8.)) - .03FIf - 4.43 - 26.75] 
- .139N[NCW - .01(CD-50)][CW~1.80-.03(FDf - 8.) - 26.75] 
with the added term accounting for the revenue not received as a result of retaining 139 
replacement heifers; and 
TCcuJlcows = .112N[1.65CWc-30.61] - N[.03FIc - 6.25] 
Given this mathematical description of the production system, Ponzoni and Newman 
(1989) calculated relative economic values for the biological traits as partial derivatives of TC 
with respect to each trait holding the other traits constant at their respective mean levels. In the 
present example, accounting for time lags in the manifestation of genetic improvement has been 
ignored. However, there is technology available to account for different discount rates 
(McClintock and Cunningham, 1974) over an appropriate planning horizon. This approach can 
be reconciled with breeding objectives based on production efficiency (Dickerson, 1970) if all 
costs are considered variable costs (Smith et aI., 1986). 
The profit equation can be thought of as a highly, if informally, aggregated simulation 
model (MacNeil and Harris, 1988). More explicit and complex bio-economic simulation models 
can likewise be used to estimate relative economic values using the principles of sensitivity 
analysis. In principle, a set of parameters which describe the present situation is developed for 
the model. The partial derivative of profit with respect to the parameter is approximated by the 
difference between runs of the model before and after perturbing the parameter some small 
amount. However, determining relative economic values for state variables can be problematic. 
Changes in state variables usually result as a consequence of changes in parameters which have 
manifold effects. Thus, it can be difficult to achieve that state where the one variable being 
evaluated is incrementally changed and all other variables remain constant. Some formal 
modeling procedures may facilitate sensitivity analysis with respect to state variables. As the 
simulation model becomes less aggregated and more mechanistic, the sensitivity analyses 
becomes more difficult as a result of the increased number of parameters and state variables 
(MacNeil et aI., 1985). This general approach has also been widely used in estimating relative 
economic values (e.g., Dekkers, 1991; Groen, 1988; MacNeil et aI., 1994; Tess et aI., 1983a,b,c). 
Following Amer and Fox (1992), neoclassical economic theorists view the beef 
production unit as a firm using both genetic (X) and non-genetic (Z) inputs in production of a 
product (Y). Improvement in genetic inputs to production is viewed as technological change. 
Economic description of the beef production enterprise begins with a mathematical formulation 
of total cost (TC): TC = CCY,Yx,vz), 
where, V x and V z are costs to the producer for genetic and non-genetic inputs into the production 
process. This function (C) increases at a decreasing rate at low levels of output reflecting 
economies of scale, wherein it costs less to produce each successive unit of product. At high 
levels of output TC increases at an increasing rate reflecting limitations imposed by ability to 
manage the enterprise. The partial derivative of TC with respect to Y is the marginal cost and 
the ratio ofTC to Y is the average cost. 
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Marginal revenue (MR) is the increase in revenue received from one additional unit of 
output which for beef production can be assumed constant and equal the output price. The profit 
maximizing level of output occurs when Me = MR and marginal cost is increasing. At this 
point, total revenue is the product of Y and MR. As in the profit equation approach, profit 
remains as the difference between total revenue and total cost. Notice that this solution is not 
the same as derived by minimizing cost per unit of output as advocated by Dickerson (1970). 
A change in average genetic merit of the herd is represented in this model by shifts in the 
cost functions. Note that, with MR held constant, there becomes a new profit maximizing level 
of production as well. The relative economic values for various trait used in selection index as 
derived under this model are the changes in the firm's profit at optimum levels of production 
which result from a unit change in each trait (McArthur, 1987). Applications of econometric 
theory in estimating relative economic weights are more limited than applications of either profit 
equations or simulation models. The works of Melton and coworkers are a prominent exception 
(Melton, 1995). 
GENERAL COMMENTS 
In this presentation, issues related to non-linear indexes (Pasternak and Weller, 1993), 
restricted indexes (Brascamp, 1984; Niebel and VanVleck, 1982a,b), and multistage selection 
indexes (Xu and Muir, 1992) have been ignored. These enhancements, to the more basic 
approaches reviewed here, merit consideration in developing a program of customer service. 
Restricted selection indexes have been criticized for severe losses of potential economic gain 
(Gibson and Kennedy, 1990). Selection indexes are well-adopted to periodic recalculation 
providing a logical framework for non-linear relationships between profit and performance or 
other changes in economic conditions (Hazel et aI., 1994). Periodic recalculation of linear 
indexes will apparently compensate for non-linear relationships of profit and economically 
important traits with little loss in efficiency of selection (Groen et aI., 1994). Multistage 
selection indexes may merit development to reduce testing costs and shorten generation 
intervals. 
With generation intervals of five or more years and substantive genetic improvement 
requiring more than one generation, it is obvious that relative economic values pertain to the 
long-run. Relative economic values should not be influenced by year-to-year fluctuations in 
prices. For example, calculation of relative economic values based on either 1993 or 1996 prices 
for feeder cattle is probably misleading. Use of average prices received by farmers for feeder 
cattle over the past 10 to 15 years, adjusted for inflation, is preferred. Another important 
consequence of considering long run economic scenarios is that all costs become variable. 
As stated previously, the neoclassical approach is more general than the profit equation 
approach. There are no economies or diseconomies of scale in the profit equation approach for 
calculating relative economic values and thus the total cost curve is linear. This implies beef 
production firms would tend toward infinite size, which is seemingly inconsistent with the actual 
behavior of beef producers. Smith et al. (1986) suggested that incremental profits received from 
rescaling the production enterprise (increasing output) be removed from economic weights 
derived using profit equations. However, not allowing size rescaling to enter into a breeding 
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objective seems inconsistent with a long run view of the genetic improvement process and profit 
maximization by the firm. From a practical perspective, that while there is some evidence these 
two approaches are not equivalent, the linear profit equation method provides a useful 
approximation of economic weights obtained from neoclassical theory for intra-breed selection 
indexes (Amer et aI., 1994; Bright, 1991; Visscher et aI., 1994). In closing, it should be noted 
that small errors either in economic weights (VandePitte and Hazel, 1977; Smith, 1983) or 
genetic parameters (Harris, 1963) may lead to only minor losses in efficiency of selection. 
INDUSTRY EXAMPLES 
Acceptance of selection index technology by seedstock breeders varies widely by species 
and across countries. Commercial breeding companies have been quicker to adopt the 
technology than individual breeders. In this section we relate some experiences of two 
commercial breeding companies with selection indexes as a means to demonstrate the usefulness 
of them. Several other examples could be cited including: early European work in poultry by 
Moav and coworkers (1966) and in dairy (Wilton et aI., 1968, 1969). Australian work in several 
livestock species principally by Ponzoni and coworkers (1979, 1981, 1989, 1990); and more 
recent U.S. work (Faust et aI., 1992a,b, 1993; Lamb et aI., 1992a,b,c; Tess et aI., 1982a,b,c). 
Swine Breeding: Today's market hog is produced from at least one, and generally two, 
crossbred parents. Parent lines trace back to "purebred" grandparent (and sometimes great 
grandparent) lines. These progenitor lines were produced using within line selection based on 
selection indexes developed specifically for them. These selection indexes contain estimated 
breeding values for a variety of traits weighted by their relative economic values and genetic 
correlations. 
Use of specialized sire and dam lines offers several important advantages. Existing 
between-breed differences for economically important traits can be exploited to produce parent 
stocks with near optimal additive genetic makeup and that generally expresses high levels of 
hybrid vigor. Further, each specialized (great-)grandparent line can be selected differently, 
emphasizing those traits it contributes to the final cross. Genetic antagonisms, such as the 
unfavorable relationship of lean growth rate with reproductive rate, reduce the rate of genetic 
progress in a composite or pure-line parent-stocks. However, their impact on genetic 
improvement is greatly reduced by selection for complementary traits in specialized sire and dam 
lines. 
For example, a line contributing to the final crossbred parent boar line can be selected 
for lean growth and meat quality, but ignoring maternal traits. Conversely, maternal lines are 
selected for productivity (e.g., number of pigs weaned per sow per year) and for efficient lean 
growth, but ignoring meat quality traits. Note that the economic importance of efficient lean 
growth necessitates selection for components of it in all specialized lines, whether maternal or 
paternal in ultimate usage. 
Relative economic values for each trait are established using a commercial production 
system model. These relative economic values are the recognition that economic return from 
a one standard deviation increase in one trait will not be equal to a similar increase in another 
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trait. Only economically important traits and indicators of economically important traits that will 
respond to selection are ultimately used by the breeding stock producer. For reproductive traits, 
general industry estimates put the value ofan extra pig born at about S13.50, and the value of 
an extra pound of 21-day weaning weight at about so. 50. It is not efficient to measure or base 
selection on traits without economic value and thus these traits are not pursued. 
Use of genetic relationships, both among animals and among traits, is routine to improve 
accuracy of predicting overall genetic merit, especially in young animals and when sequential 
culling is practiced. Potential replacement stock and established breeding animals are retained 
for breeding or culled based on the most current prediction of their genetic merit. 
The wide variety of potential traits contains some favorable (e.g., feed conversion and 
growth rate) and some unfavorable (e.g., growth rate and back-fat) genetic correlations. Further, 
initial selection decisions are often made before any individual animal expresses all the traits that 
determine its ultimate genetic merit. Examples include initial selection among potential breeders 
which first occurs at weaning (3-4 week old pigs) before expression of female reproductive 
ability and longevity, and the carcass or meat quality attributes. In this instance information 
from relatives and from genetically correlated traits is found to be particularly important for 
improving the accuracy of selection decisions. Use of specialized sire and dam lines, high 
reproductive rates characteristic of swine, short generation intervals, and intense selection yield 
rapid genetic improvement and also facilitate near-maximum exploitation of hybrid vigor. 
Beef-.Dlttle Breedjn~ Beefbooster began using selection index technology in the last 
five years. Criteria used to evaluate bulls are based on economics of commercial beef 
production, emphasizing profitability and a balance between traits affecting reproduction, calf 
growth and carcass merit. To achieve the balance necessary between traits influencing 
profitability even with the multiple-trait criteria to balance economically important traits, bulls 
remain specialists, intended to function in a specific role to profitably produce beef. It is 
virtually impossible to find a single bull who can perform well as a heifer bull (minimizing 
calving difficulty in first-calf heifers), as a maternal bull (siring daughters that profitably raise 
a calf every year) and as a terminal bull (siring high growth, high cutability market calves). 
Seedstock strains were developed to address needs for these different types of bulls, and bulls 
from each strain are evaluated according to criteria specific to the role of that strain. This means 
that besides meeting performance specifications, each bull has been bred for a specific purpose 
and is not the result of a general-purpose breeding program that may fit bulls into different roles 
according to their performance. 
Bulls are evaluated with multiple trait indexes using economic weights on measurable 
traits that include birth weight, gain before and after weaning, scrotal circumference and 
ultrasound carcass measurements. Examinations for fertility, structural soundness and 
disposition help to ensure that functional bulls are made available to commercial producers. 
Seedstock breeders have first choice of bulls. Bulls remaining after the breeders' selections are 
split into the top (red class, highest price), middle (orange class) and bottom (yellow class, 
lowest price) thirds according to index rank. Cow indexes use EBV for birth weight, preweaning 
gain (direct and maternal), postweaning gain, and mature weight. The index rankings are used 
by seedstock breeders to cull the bottom end of their cow herd. 
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CONCLUSION 
Selection index provides a systematic means for making selection decisions that are 
consistent with improved profitability. This technology permits us to exploit information on 
relatives and to use correlated traits to improve accuracy. The emphasis applied to each trait is 
scaled by the importance of that trait in determining overall profitability. The beef industry 
needs to make progress toward providing genetic evaluations that will result in improved 
profitability for commercial producers. The difficulty of deriving relative economic values for 
use in selection index suggests a niche for recording financial information consistent with this 
goal. The Beef Improvement Federation can facilitate improved profitability on the part of beef 
producers willing to adopt selection index technology through guidelines for 1) deriving relative 
economic values and 2) implementing selection index technology in national cattle evaluation. 
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INTRODUCTION 
The immune system can be thought of as a surveillance 
syst~m to discriminate between "self" and "non-self." From 
simple life forms such as insects to advanced life forms such 
as humans, all living organisms have some form of host defense 
mechanism. Most have multiple, overlapping mechanisms ranging 
from very non-specific resistance to highly specific immunity. 
White blood cells forming "pus" around a splinter is 
representative of non-specific host resistance to invasion 
while immunity to IBR virus after vaccination or following 
recovery from active infection is representative of specific 
active immunity. 
These host defense systems protect livestock and man from 
the millions of microbes that attack the body every day. 
without them, living creatures would die rapidly from the 
constant, and sometimes successful, attempts by disease agents 
to invade the body. 
Host defense mechanisms also protect livestock and man 
from invaders within. For example, abnormal cells such as 
cancer cells are detected and destroyed every day by this 
surveillance system. The abnormal cells may also be those 
infected with viruses. Viruses cannot multiply by themselves 
and require living cells to do their replicating. The immune 
system detects and destroys these virus-altered cells. 
Most producers have some knowledge of the immune system. 
They know that with certain vaccines, livestock can be 
protected from infectious disease. They also are aware that 
the immune system has "memory"-----the ability to remember 
past disease or past vaccinations for a long period of time. 
For example, calves given blackleg vaccine at branding and 
weaning are generally immune to this disease for life. 
Producers are also aware that the immune system is under 
genetic control. They have seen that cross-bred calves and 
yearlings are more disease resistant than most purebreds. 
From news reports, they know that you cannot transplant a 
kidney or heart from one person to another unless the donor 
and recipient are genetically very similar in blood and tissue 
type, factors controlled by our genes. Even then, the body 
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still recognizes the donor organ as slightly foreign, so the 
immune system must be suppressed by drugs to prevent 
rejection. So, producers are aware that the immune system can 
differentiate "self" from "non-self." 
NON-SPECIFIC RESISTANCE MECHANISMS 
The body has many innate ("born with") resistance factors 
to prevent disease agents from gaining entry into the body. 
These include physical barriers such as skin and the mucous 
membranes of the eye and respiratory, digestive and 
reproductive tracts. Chemical barriers such as stomach acid 
and enzymes in body secretions destroy many microbes. Normal 
bacteria on body surfaces interfere with colonization by 
abnormal, disease-causing bacteria. 
Once a foreign agent or sUbstance gains entry into the 
body, many cells and proteins attempt to destroy it. 
Inflammation is a normal body process to contain disease 
organisms and to prevent spread. Products of inflammation 
assist in recruiting cells from the bloodstream that are 
capable of ingesting and digesting the disease organism. 
These white blood cells are mainly neutrophils and macrophages 
and are collectively called phagocytes (phago = to eat). with 
many bacteria, blood proteins with enzymatic activity are 
activated that kill them. Fever is often beneficial; for 
example, some viruses are very temperature sensitive and 
cannot replicate at temperatures above normal. 
It is important for producers to realize that the non-
specific resistance mechanisms can be enhanced by specific 
immunity. For example, it is difficult for phagocytes to 
engulf many bacteria because the bacteria have slippery 
coatings. But if antibody against that bacteria are present, 
the phagocytes have receptors for the other end of the 
antibody. Thus, a strong linkage binds the bacteria to the 
phagocyte until it can be eaten and destroyed. So, pre-
existing immunity can enhance the more primitive defense 
mechanisms. Stimulating immunity before disease exposure is 
the very basis of vaccination. If a vaccination is 
successful, then immunization has occurred. 
ACQUIRED IMMUNITY 
Unlike innate resistance, acquired immunity is very 
specific and directed against the foreign microbe, toxin or 
cell. Anything foreign and recognizable by the immune system 
is called an antigen. A single microbe may have dozens of 
different antigens that are recognized. The immune system has 
an infinite capacity to recognize antigens. Some ranchers and 
veterinarians worry that they will overwhelm the immune system 
by giving too many antigens at once (for example, a 7-way 
clostridial vaccine and a 4-way viral vaccine at the same 
time), but in non-stressed livestock, this is probably not a 
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significant problem. 
CELLS OF THE ACQUIRED IMMUNE SYSTEM 
White blood cells called lymphocytes are the primary 
cells that respond to a specific antigen. They reside mainly 
in blood, lymph nodes, spleen and thymus. They arise from the 
bone marrow. The two main types of lymphocytes are B cells 
and T cells. 
DUALITY OF THE IMMUNE RESPONSE 
There are two arms of the immune system. Proteins called 
antibodies or immunoglobulins are produced by B lymphocytes. 
Antibodies bind to microbes or toxins that are free in body 
fluids such as blood or mucus. This immunity is called 
humoral immunity or antibody-mediated immunity. Microbes that 
are inside cells, such as viruses, are protected from 
antibody, so a second arm of the immune system is required to 
destroy the entire infected cell. This immunity is called 
cellular immunity or cell-mediated immunity and is produced by 
T lymphocytes. Both types of immunity are often needed for 
complete protection from an infectious disease. 
PASSIVELY ACQUIRED IMMUNITY 
A newborn calf has a highly developed and functioning 
immune system. Most work would indicate that it is comparable 
to an adult's. In fact, fetuses can respond in utero at about 
150 days of gestation. The problem with a newborn calf's 
immune system is that it is naive; the neonate has not been 
exposed to disease agents and has not developed immunity. 
Newborn calves acquire specific immunity from the dam via 
antibodies in the colostral milk. Antibodies are concentrated 
in the first few milkings that the calf takes. These 
antibodies are transported across the gut wall and absorbed 
into the bloodstream. Thus, the calf receives immunoglobulins 
that reflect the cow's past disease and vaccination exposure. 
However, the window of opportunity for absorption is very 
short, generally less than 24 hours. About one-half of the 
calves born to first calf heifers will have failure or partial 
failure of passive transfer of maternal antibodies. 
ACTIVELY ACQUIRED IMMUNITY 
For the immune system to recognize an antigen, it first 
must be processed (digested) and presented to the lymphocytes 
before they can be activated to respond against that 
particular microbe. A cell called the macrophage is the 
primary cell that does this processing. It is important that 
producers understand that processing for antibody-mediated 
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immunity takes place differently than for cell-mediated 
immunity. The two arms of the immune system do not recognize 
the same antigens from the same disease agent. Also, the 
antigens are recognized only when presented to the lymphocytes 
in association with proteins produced by our genes that are 
responsible for controlling the immune response. 
WHY SHOULD YOU CARE? 
By now, you should understand that the body has a number 
of ways to help prevent infection. After infection or 
vaccination, the microbes are digested and antigens presented 
to the Band T lymphocytes so that an active response can 
occur. The two different arms of the immune response 
recognize different antigens. The B lymphocytes produce 
antibodies that can bind and neutralize or kill microbes or 
toxins that occur in the blood or body fluids but they cannot 
get inside cells to destroy pathogens that may reside there. 
To destroy abnormal infected cells requires that the entire 
cell be killed; this is the function of cell-mediated immunity 
mediated by the T cells. Keeping this in mind, vaccine 
selection is dependent on the type of microbe and its site of 
replication in the body. 
VACCINES AND VACCINE SELECTION 
Virtually all vaccines that are made by injecting killed 
bacteria (bacterins), inactivated toxins (toxoids), or killed 
viruses result in the production of antibodies but not the T 
cells responsible for cell-mediated immunlty. These vaccines 
are generally effective against disease agents that multiply 
or exist outside of cells although their duration of immunity 
is often less than desired. In most instances, a minimum of 
two doses of killed or inactivated vaccine is necessary to 
stimulate good immunity. Read the label and follow 
directions. 
When dealing with agents that can live inside cells such 
as brucellosis and viral a~ents, killed vaccines are generally 
ineffective once infection has occurred. Although antibody 
may help prevent the body from getting infected, if cellular 
invasion occurs, then humoral immunity is pretty much 
ineffective. It cannot get inside the cell to destroy the 
invader. Cell-mediated immunity is required to recognize 
altered cells and destroy them. 
Except for experimental vaccines, stimulation of cellular 
immunity in livestock has required the use of attenuated or 
modified live vaccines. These vaccines cause a transient, low 
grade infection that mimics natural infection. Both antibody 
and killer T cells are produced. The safety record of the 
modified live virus (MLV) vaccines is very good when used 
according to label. Some cannot be used in pregnant cows and 
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some MLV vaccines should not be used in the face of a disease 
outbreak. It should be noted that one company is now claiming 
that their killed viral vaccines will stimulate cellular 
immunity, but pUblication in a peer-reviewed journal has not 
yet occurred. 
Most research would indicate that you cannot vaccinate 
calves at branding and expect significant immunity against 
respiratory viruses. The notion has persisted that passive 
antibody from the dam will interfere with immunity by binding 
with antigen and preventing a protective response. However, 
some recent work has shown that cellular immunity in response 
to the MLV vaccines can occur despite the lack of a 
significant antibody response. So, with diseases like PI-3, 
IBR, and BRSV, vaccinating with a MLV vaccine at branding may 
be beneficial, especially on ranches that experience viral 
pneumonias before weaning. Further confirmation is needed, 
and work on BVD vaccine remains to be done. 
Many producers are using MLV vaccines pre-weaning in 
calves on pregnant cows (off-label) without adverse effects. 
Whether this becomes an accepted use by the USDA remains to be 
seen. 
SUMMARY 
By understanding the inner workings of the active immune 
response, producers and veterinarians can question 
conventional thinking and make informed decisions with regard 
to vaccine selection. It is not enough just to listen to 
advertising hype. Ask for detailed research data and peer-
reviewed journal articles to support claims. 
Vaccine selection should be based on the type of disease 
agent involved. For those that replicate in body fluids and 
outside of the body's cells, killed or inactivated vaccines 
are generally adequate to stimulate protective antibody. For 
agents that replicate inside body cells, different processing 
of the antigens is needed to stimulate the cell-mediated arm 
of the immune system. Modified or attenuated live vaccines 
are generally much more effective in stimulating this arm of 
the immune system. 
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INTRODUCTION 
Bovine viral diarrhea (BVD) is a common viral infection of cattle worldwide. The 
viruses responsible for BVD are classified as pestiviruses, a group of viruses that includes 
BVDV type I and type II, Border disease virus of sheep and hog cholera virus. Although 
BVD was first recognized as a disease of cattle 50 years ago, the genetics and 
epidemiology of BVD viruses have only been well-described in the last 10 years. These 
scientific advances have increased the accuracy of diagnostic testing for BVD and clarified 
the diseases caused by B VD viruses. 
BVD is a confusing topic because the viruses cause a variety of diseases including 
diarrhea, hemorrhagic sydrome, peracute death sydrome, mucosal disease, infertility, 
abortions and weak calves. Producers can use new information about BVD viruses and 
their transmission to prevent the introduction of BVD into beef herds or eliminate BVD 
viruses from infected herds. 
TRANSMISSION OF BVD VIRUSES 
There are two modes of BVD virus transmission: 1) acute or postnatal infections 
and 2) fetal infections. In the acute, postnatal infection, BVD virus is transmitted in nasal 
secretions from an infected calf to others much like common cold viruses are transmitted 
between children. In most cases, the infection results in fever and mild diarrhea. The calf 
develops an immune response to the BVD virus and clears the virus without residual 
problems. Fortunately, acutely infected animals shed small amounts of virus and are 
inefficient transmitters of BVD viruses. Transmission of BVD from acutely infected 
calves is of greatest importance in crowded conditions such as feedlots and veal calf barns. 
The second mode of transmission is from the cow to her fetus. These fetal 
infections have the most important consequences for beef herds. When a cow with no 
previous immunity to BVD comes in contact with an infected animal, some of the white 
blood cells in her nose and throat become infected and enter the blood. Once in the 
bloodstream, BVD viruses are highly successful at crossing the placenta and infecting the 
fetus. Infections during the first trimester of pregnancy can result in the birth of live 
calves who are persistently infected (PI) with BVD virus (4). PIs shed high amounts of 
virus throughout their lifetime and are a continual source of BVD infection in a herd (3). 
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DISEASES CALiSED BY BVD VIRUSES 
1. Postnatal infections: In addition to mild diarrhea and fever, it is now 
recognized that there are some BVD viruses that can cause severe disease. BVD viruses 
infect cells in the bone marrow including megakaryocytes, the cells that produce platelets. 
Platelets are important in blood clotting. When platelet numbers are severely depressed as 
in these BVD infections, blood loss occurs from many small vessels in muscles and 
internal organ~ leading to death. This hemorrhagic condition in veal calves was first 
described in the 1980's (2). 
Peracute deaths in adult cattle in Ontario, Canada were first described in 1993 (1). 
Infected cattle developed high fevers (106-1 07°F), signs of respiratory distress and 
diarrhea, and died within 24 to 48 hours of the onset of illness. When the genetic 
sequences of these BVD viruses were examined, it became clear that they were different 
than BVD viruses previously used in research and diagnostic labs. These viruses were 
called Type II to distinguish them from more familiar Type I strains of BVD (6). 
Since 1994, both Type I and Type II BVDV viruses have been isolated from 
western beef herds (10). The Type II viruses isolated from Wyoming cattle do not appear 
to cause peracute deaths and are associated with similar diseases caused by Type I BVD. 
BVD infections also depress a calf s immune system leading to a greater 
susceptibility to other infections. For example, a common complication of BVD infections 
is a severe form of Pasteurella pneumonia that is unresponsive to antibiotic treatment. 
Other illnesses compounded by the immunosuppressive effects of BVD viruses are of 
considerable economic importance at all stages of beef production. 
2. Fetal infections: The outcome of BVDV infection depends on the age of the 
fetus and the strain of BVD virus. If infection occurs i11 the first 2 months of pregnancy, 
the loss of the fetus may only be noticed as a return to heat (5), or as a prolonged calving 
period the following spring. 
Development of the specific immune response in the fetus occurs sometime 
between 125-150 days of gestation. Therefore, fetuses infected in the first 90 to 120 days 
of pregnancy may not recognize BVD virus as a foreign invader. Should these fetuses 
survive to term, they will be "immunotolerant" to the BVD virus and never clear the 
infection. These calves will be born PI and remain so throughout their lives. If the dam 
is a PI animal, she will always produce PI calves. However, most PIs are born to normal 
cows which have been acutely infected with BVD virus during the first trimester of 
pregnancy. 
Fetuses infected between 80 and 100 days of pregnancy may be born with 
abnormalities of the brain and eyes. After 150 days, the fetus is able to develop an 
immune response to BVD and will be born with antibodies to BVD virus. Infection of the 
fetus anytime during gestationcan result in fetal death and abortion much later in 
pregnancy. This explains why infection of the cow during the summer may result in an 
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increased percentage of open cows at fall pregnancy check, and late term abortions, 
stillbirths and weak, poor-doing calves the following spring. 
3. Mucosal disease: PI animals tend to be poor-doers, have no antibodies to their 
BVD virus and eventually die at a young age (9). The majority of PIs die due to an 
intractable form of diarrhea known as mucosal disease (MD). Cattle with MD exhibit 
fever and severe diarrhea often containing blood, mucus and intestinal tissue. These 
calves will have ulcers in their mouth and gastrointestinal tract. The diarrhea may have a 
short or protracted course. 
MD is a virological curiosity which appears to occur when a PI animal acquires a 
second BVD infection. This second infection in most cases occurs when the 
noncytopathic BVD virus within the animal mutates and forms a cytopathic variant - a 
mutant that kills bovine cells in culture. Another way in which a PI acquires a second 
infection with a cytopathic strain of BVD virus is through vaccination with modified-live 
(ML V)-BVD viral vaccines that contain cytopathic BVD viruses. 
Although MD is usually only a sporadic occurrence, the disease is important 
because it is an indicator of BVD infection in a herd. One way in which a herd is 
recognized to have BVD occurs when a ML V -BVD vaccine is first used in calves and 
deaths occur due to vaccine-induced MD. 
EPIDEMIOLOGY OF BVD IN BEEF HERDS 
When a cow herd is first exposed to a BVD virus, the effects on reproduction can 
be devastating with 10% or greater open cows, abortions or weak, non-viable calves. This 
is known as the epidemic form of BVD (3). There are two possible outcomes to a BVD 
epidemic. If no PI calves are born following infection, then the virus infection will not 
continue in the herd. If, however, one or more PI calves are born and remain in the herd 
through the summer, then they can serve as a continuing source of infection for 
susceptible cows. When this cycle of fetal infection is perpetuated, then the herd has 
entered a state of endemic BVD (3). 
As cows are repeatedly exposed to the virus by contact with PIs within the herd, 
their immunity to that specific BVD virus increases. Therefore, older cows are less likely 
to abort in following years. In these infected herds, the group most likely to have 
problems are the first calf heifers due to lack of previous exposure to BVD. Heifers are 
particularly vulnerable if they are purchased from herds without BVD or are raised 
separately from the cows and calves in BVD-infected herds. 
BVD viruses will continue to circulate in a beef herd as long as there is a PI 
present to serve as a source of virus for susceptible heifers and cows. In beef herds, BVD 
infection can be maintained by PI calves of the current year's crop (9). PIs rarely survive 
long enough to enter the breeding herd and usually make up less than 0.5% of adult cows. 
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Since the discovery of Type II BVD viruses, scientists have found that BVD 
viruses are genetically very diverse. In addition to genetic differences between Type I and 
Type II BVD viruses, BVD viruses also vary within each type. This genetic variation is 
reflected in antigenic variation or differences recognized by the cow's immune system. 
These differences are important when discussing the effectiveness of BVD vaccines for the 
prevention of BVD infections. 
DIAGNOSIS OF BVD 
Nutrition, environmental factors, bacteria and other viruses can also cause 
infertility, abortions and weak calves. Therefore, it is important to have an accurate 
diagnosis of BVD before formulating a plan to eliminate the virus from a herd. Direct 
evidence of BVD infection in a herd is provided by virus isolation from the blood of a PI 
animal, tissues from an aborted fetuses, or weak calves. The genetic material of BVD 
may be detected by polymerase chain reaction (peR), a sensitive and specific technique. 
Viral proteins can be detected in tissues by BVD-specific antibodies tagged with a 
fluorescent dye (FA test) or an enzyme (immunocytochemistry). 
Abortions and weak calves often occur long after the BVD infection. After this 
period of time, BVD virus, proteins and genes may no longer be detectable particularly if 
the infection occurred after 100 days of gestation. Finding evidence of the virus infection 
is not possible in every case. There are several things that producers can do to increase 
the chances of making a diagnosis in any abortion or dead calf. Keep the specimen as 
clean as possible (place smaller fetuses in plastic bags), store at refrigerator temperature 
(do not freeze), and deliver the specimen to your veterinarian as soon as possible. 
Producers need to work with their veterinarians and submit tissues from as many aborted 
fetuses, weak or sick calves as possible. Perseverance is important in establishing BVD 
viruses as a cause of reproductive losses. 
Indirect evidence of BVD infection is provided by serum neutralizing antibody 
(SN) titers in any unvaccinated cattle. SN titers are a measurement of the concentration 
of specific antibodies and indicate previous infection. Finding BVD SN titers in 
unvaccinated cattle is a clear indicator of BVD infection. However, beef herds that do not 
use BVD vaccines are a rarity, and most adult cattle have antibodies to BVD. In addition, 
calves will have BVD SN titers after ingesting colostrum from vaccinated cows. These 
vaccine-induced BVD antibodies complicate the diagnosis of BVD infection. Serum 
samples taken at the time of abortion and 2 to 3 weeks later are of limited usefulness 
since the virus infection may occur weeks to months prior to the abortion. 
Cows that have received mUltiple ML V-BVD vaccinations maintain high SN titers 
throughout their life. In contrast, maternally derived antibodies in calves decay over time 
and at weaning antibody titers are quite low. Calves can make their own BVD antibodies 
any time after 150 days of gestation. These actively acquired antibodies will persist even 
after maternal antibodies have declined. Therefore, measuring BVD antibodies in calves 
at weaning prior to vaccination can distinguish the infection status of a herd. In herds 
containing PIs, a high proportion of weaned calves will have BVD SN titers greater than 
or equal to 1: 1024 (11). 
71 
When BVD infection has been diagnosed in a beef herd, the herd should be 
screened for PIs. A blood test called the "BVD ELISA" can used to identify PIs (8). 
This test is works on the same principles as virus isolation. A very small amount of 
serum or plasma is mixed with susceptible bovine cells. If BVD is present in blood as is 
the case for PIs, then the virus will infect the cells and can be detected using a BVD-
specific antibody. BVD-ELISA positive animals should be retested 4 weeks later to 
determine true persistent infection as opposed to acute infection. 
PREVENTION AND CONTROL OF BVD IN BEEF HERDS 
If your herd is free of BVD-infection, several precautions should be taken to keep 
this status. To prevent the introduction of BVD viruses, all replacement heifers and bulls 
need to be tested for BVD virus. Although bred heifers may be negative, they may still 
introduce BVD into a herd in the form of PI calves. Where possible, bred heifers should 
be purchased from BVD-tested herds. Replacement heifers should be calved and 
summered separately from the cow herd to avoid infection should they give birth to a PI 
calf. Open cows and heifers should be strictly culled. Neighboring herds or herds that 
share pasture should be encouraged to use the same vaccination schedule and biosecurity 
measures. BVD prevention is only effective if producers work together. 
If your veterinarian makes a diagnosis of BVD in your herd, then eliminating the 
virus should be a priority. Endemic BVD will reduce the % of weaned calves by as much 
as 30%. The herd should be screened for PIs starting with all replacement yearling and 
two year old heifers. When identified, the PIs should be culled and and their dams 
identified and tested. Strict culling of open cows at fall pregnancy check and calving will 
also help to eliminate potential carriers. If steer calves are retained, they should either be 
tested or pastured separately from any pregnant heifers or cows. The preventive measures 
are aimed at breaking the cycle of fetal infection. Ideally, testing should occur before 
breeding to prevent intermingling of PI calves with pregnant dams. Maternal antibodies 
interfere with most screening tests in calves under 3 months of age. If breeding cannot be 
delayed, then the calves should be screened at weaning. Producers should be prepared to 
test and remove PIs over a 2 to 3 year period in order to eliminate BVD. 
To prevent severe disease due to acute BVD infection and to reduce the spread of 
BVD through the herd, modified live (ML V)-BVD vaccines should be given to all cows at 
branding. High maternal antibodies will be passed to the calf in colostrum and provide 
some protection against acute BVD infections. These same maternal antibodies will 
neutralize BVD antigens present in vaccines. Therefore, calves should be vaccinated after 
weaning (when maternal antibodies have declined) for the vaccines to be effective. 
Replacement heifers should receive a minimum of two vaccinations with ML V BVD 
vaccine, one month apart, and the booster given 45 days before breeding. 
Vaccination will not prevent fetal infections if the cows become infected with BVD 
viruses that are antigenically different from the vaccine virus or if the cows are exposed to 
large amounts of virus shed by a PI animal. The variability of BVD viruses means that 
producers cannot depend solely on vaccination to prevent BVD from entering their herds. 
7'2 
There are no BVD vaccines available that will substitute for good biosecurity measures. 
By increasing herd immunity and reducing the risk of exposure to BVD. producers can 
avoid BVD infection and associated diseases. 
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INTRODUCTION 
"Value" is a subjective and relative term, but is defined as: a) a fair return or equivalent for 
goods, services, or money exchanged for something exchanged; b) the monetary worth of 
something (market price); or c) relative worth, utility or importance. All of these may be 
applicable when discussing health programs for cattle. The problem usually becomes 
documenting, predicting and/or repeating this value. 
Cattle "health" is also subjective and relative. ''Health'' is based on a balance between 
immune defense systems and exposure, both of which are highly influenced by such things as 
environmental influences, nutritional status, previous exposure, and management factors. 
The definition of health may vary widely between individuals and production settings, and 
the perception of "value" may also vary widely, depending on expectations. 
In spite of the difficulties partially summarized above, cattlemen and veterinarians continue 
to pursue programs that will result in "good" cattle health. This is because we have long 
known, either intuitively or through unhappy experience, that healthy cattle tend to perform 
better than unhealthy cattle. The amount and type of resources which one should direct 
toward the health program is often basis for debate, because of the wide variation in 
expectations, results and anticipated return. This paper will review some of the items that 
may be helpful in assisting producers and veterinarians with management decisions involving 
calves to be sent to the feedlot. 
INFLUENCE OF BRD ON PERFORMANCE 
Bovine Respiratory Disease (BRD) remains one of the largest animal health problems faced 
by cattle producers. There are a number of studies and projects that have attempted to 
demonstrate and/or quantify the association between BRD and performance loss. A brief 
review of some of these would be worthwhile. 
During a 28 day receiving period, Smith and Gil1 (1989) found that calves treated for BRD 
gained 0.5 lb. per day less than healthy calves, while Bateman et al (1990) reported a 
decrease of 0.3 lb. per day. In a 90 day study, Morek, et al (1993) reported calves treated 
once for BRD gained 0.39 lb. per day less than those remaining healthy. In a study carried to 
closeout, Bateman et a1 (1990) showed a 0.14 lb. per day loss of ADG in those calves that 
were treated for BRD. The 1993 and 1994 Texas A&M Ranch to Rail Summary Reports 
found a loss of 0.2 lb. ADG in those calves which suffered BRD, though the 1995 trial found 
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no differences. In a Nebraska study by Wittim et al (1995), lungs were examined at slaughter 
for the presence ofBRD lesions. Calves that had BRD lesions gained 0.17 lb. per day less 
than those that had no lesions. 
It should also be noted that some other studies have failed to demonstrate an association 
between BRD and performance losses. This could be due to compensatory gains, less severe 
or uncomplicated BRD cases, or variability of case definition for BRD. 
ECONOMIC IMPACT OF VACCINATING & WEANING CALVES 
PRIOR TO FEEDLOT ENTRY 
The NCA (now NCBA) Strategic Alliance Project, conducted in 1992, was designed to 
demonstrate the potential value of weaning calves for 45 days at the ranch, along with BRD 
vaccination, prior to feedlot entry. A portion of the results are shown in Table 1. Calves that 
were preconditioned (weaned at ranch for 45 days and prevaccinated) had a 33% reduction in 
morbidity, a 33% reduction in mortality and a 70% reduction in treatment cost over calves 
weaned and shipped directly to the feedlot. 
Table 1. 
NCA StrategicfoJliance Pi~ - 1992 
IB:citr auty ~ YS'd 
It Ern V\Ealed(1) f3a1Jirg'" 
r-.t>. I-ea:l 1253 
I cays Cl1 FeOO 144 
Proc$'h:l ~.22 
Tmt$'h:l $1.92 
D.L (%) 1.2CJlA 
I'vbtid~ 
1st pil (%) 22.4a>A 
Rep.ils(%) 3.000A 









The Texas A&M Ranch to Rail Project, conducted in each of the last few years, has been 
extremely valuable in demonstrating the performance advantages of calves which remain 
healthy vs. those that become sick in the feedlot. In the 1996-97 Ranch to Rail Summary 
Report, a net return advantage of $94.06 per head above medicine cost was reported for 
calves that remained healthy vs. those that became sick. Their calculations indicated that 
calves that became sick were theoretically worth $19.87 less per hundred weight than those 
which never required treatment. Previous Ranch to Rail reports have shown similar net return 
advantages. For example, the 1992-93 report listed a value of $63.87 per head loss, above 
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the cost of treatment, for calves that became sick vs. those that did not. The figure reported 
in the 1995-96 report was $24.85 per head. 
A study reported by Stokka and Corah in 1997 (Table 2) tracked health and performance of 
3,565 head of freshly weaned calves received into a Nebraska weaning facility. Calves were 
considered preconditioned if they had received both viral and pasteurella vaccines 14-21 days 
prior to weaning. The "preconditioned" calves had advantages of2.24 vs. 1.85 in ADG, 




Corah & Stokka 
Kansas State University, 1997 
Item Preconditioned Control 
Days on Feed 52.4 50.3 
ADG 2.24 1.85 
Proc $/hd $7.48 $9.10 
Trmt $/hd $1.39 $5.27 
As you can see, the values obtained by these studies have varied significantly, but the trend 
has been fairly consistently in favor of superior bottom-line performance for calves that 
remain healthy, even beyond the actual cost of treatment. 
INFLUENCE OF PASSIVE TRANSFER OF COLOSTRAL ANTmODIES 
As has long been understood, the baby calf depends upon the intake and absorption of 
colostral antibodies for passive transfer of protective immunity to pathogens. This requires 
that the dam produces adequate levels of antibodies in her colostrum, and that the baby calf 
nurse soon after birth and in adequate amounts to accomplish this transfer of immunity. 
What has not been available is a quantification of risk factors for disease and impact on calf 
performance if there is a failure of this passive transfer. 
Perino, et aI, reported a quantification of risk factors associated with failure of passive 
transfer in 1996. This study indicated that calves with failure of passive transfer had a 9.5 
times greater chance of becoming sick prior to weaning as compared to calves with partial or 
adequate passive transfer. Calves classified as having inadequate passive transfer were 3 
times more likely to experience BRD in the feedlot than calves with adequate passive 
transfer. This study emphasized the importance of management strategies on the ranch to 
maximize proper colostral intake and subsequent passive transfer, and the potential impact 
this factor could have on feedlot performance. 
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INFLUENCE OF OTHER MANAGEMENT PRACTICES 
ON HEALTH & PERFORMANCE 
It is very important to remember factors other than BRD can heavily influence the value and 
performance of cattle in the feedlot. This would include such items as castration, dehorning 
and pregnancy. A summary ofa number of trials examining these factors was reported by 
Smith and Sears in the Proceedings of the Calf Performance and Health Seminar Series, 
1996. For this paper, suffice it to say that calves should definitely arrive at the feedlot 
without horns, without requiring castration and without being pregnant, in order to avoid 
heavy market discounts or feedlot performance losses. 
VALUE OF QUALITY ASSURANCE 
Another item that should receive consideration in this discussion is quality assurance. While 
inattention to Beef Quality Assurance may not translate directly into loss of performance, it 
can definitely translate into loss of value for the end product, which of course is beef 
Discussions thus far have centered primarily on the association ofBRD with lost 
performance. Part of the prevention or reduction ofBRD generally involves vaccination, 
which means injections. Therefore, a look specifically at injection site issues as they relate to 
BQA is in order. 
The National Beef Quality Audit (NBQA) continues to demonstrate that tenderness, 
consistency and injection site lesions continue to be in the list of top ten problems relating to 
beef The 1995 NBQA estimates the average loss due to injection site blemishes is $7.05 per 
head, even though the overall incidence rate has been diminishing. 
A study conducted by Colorado State University in 1993 (Table 3) demonstrated that 
injection site blemishes produced in calves could still be found in high percentages at the 
time of normal slaughter. For example, a single injection of a clostridial vaccine in the rear 
quarter of a calf at branding age (50 days) was still present in as many as 92.7% of the calves 
when checked at slaughter (430 days of age). It had previously been thought by many thclt 
lesions produced at such a young age would likely heal up and disappear by the time the calf 
went to market. This study demonstrated that thinking to be incorrect. 
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Table 3. 
Product Dose Weanin 
Clostridial 2 ml 1.1 
Oostridial 5 ml 2.4 
Vitamin AD 1.3 
Antibiotic 3.1 
Days of Ivde: Branding: 50 Weaning: 200 Slaughter: 430 
Another injection site study, conducted in 1995 by Colorado State University (Table 4) 
examined the effects of an intramuscular inj ection on the tenderness of the surrounding 
tissue, as measured by the Warner-Bratzler shear test. This study demonstrated that there 
was a deleterious effect on tissue tenderness as far away as 3 inches from the site of injection. 
This study demonstrated the need to avoid all 1M injections in the rear quarters, even with 
relatively non-irritating products, so that the valuable steak cuts of the rear quarter are not 
damaged. 
Table 4. 
Injection Site Lesions in the Round 
Warner-Bratzler Shear Values vs. Distance From Lesion 
Colorado State University, 1995 
• Injected Muscle 
• Control Muscle 
Lesion 1 Inch 2 Inch 3 Inch 
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MARKET VALUE OF "PRECONDITIONED" CALVES 
A basic obstacle to efforts to vaccinate and/or wean calves at the ranch prior to shipment to 
reduce morbidity at the feedlot has been the lack, or perceived lack, of economic incentive. 
The question most often heard when discussing ways to reduce health problems though 
vaccination and weaning would be ''who's going to pay for it?" 
One of the most positive developments of late has been the growing recognition and reward 
by the market place for calves that have been properly prepared for the feedlot. Based on a 
survey of Superior Livestock Video Auction data, reported by Dr. Ken Odde in 1995, it 
appears that market recognition of the value of "preconditioned" calves can be documented. 
Dr. Odde examined 1576 lots of cattle, representing 201,741 cattle, and reported that calves 
which were preconditioned following Superior's Vac 45 program received $2.47 per hundred 
weight more than calves not in a program. (The Superior Livestock Vac 45 program 
requires: 7-way clostridial, four-way viral, pasteurella bacterin/toxoid, revaccination with 
the viral product, and the calves must be weaned at least 45 days.) 
This study was repeated in 1996, and found a $3.35 per hundred weight advantage for Vac 45 
calves over those not preconditioned. This study is good evidence that the marketplace is 
rewarding cattlemen who prepare calves with vaccinations and weaning prior to shipment. 
SUMMARY 
The information presented above, in addition to several years of cow/calf and feedlot 
veterinary practice, serve as the basis for what I believe are important considerations relative 
to the value of a health program to the rancher and feeder. Summary comments are as 
follows: 
1. Animal health is a relative term, as is value. Animal health depends on a balance 
between animal immune defense systems and exposure, as well as environmental, 
genetic and management factors. It is not possible to protect calves against all 
degrees of exposure that may occur, so results will vary. It is important that 
expectations be realistic. 
2. Healthy cattle tend to perform better than unhealthy cattle. A number of studies have 
quantified performance losses associated with BRD, though the results of these 
studies tend to vary significantly. 
3. The Strategic Alliance Project and Texas A&M Ranch to Rail Projects have served to 
demonstrate under field conditions some management factors that might be expected 
to improve calf health, as well as the improved performance that might be achieved if 
successful in reducing BRD. It appears that weaning for at least 45 days, combined 
with multiple respiratory vaccinations, offer the best chance of significant 
improvement in calf health and subsequent feedlot performance. 
79 
Proceedings. The Range Beef Cow Symposium 
December 9. 10 and 1 L 1997. Rapid City. South Dakota 
4. Adequate passive transfer of antibodies at the time of birth has been shown to be a 
significant influence on subsequent calf health, including through the feedlot phase. 
Ranchers should pay careful attention to this important area. 
5. Other management factors such as dehorning, castration and pregnancy have 
significant effect on calf health performance, as documented in numerous sources. 
Proper attention to these routine management items should not be overlooked. 
6. Quality assurance should receive attention throughout the production cycle if we are 
to maintain and improve the image and quality of beef Injection site blemishes 
incurred by calves will often still be present months later at slaughter. A recent study 
has also shown a negative influence of injection sites on the tenderness of 
surrounding tissue, as far out as 3" from the site of injection. For these reasons, I 
would suggest that the injections of any product into the rear quarter anytime in the 
life of cattle should be avoided. 
7. As documented by a recent market analysis study, the market is beginning to reward 
producers, by as much as $3.35 per hundred weight, for preparing calves with 
weaning and BRD vaccinations prior to shipment to the feedlot. <> 
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Addressing the Beef Tenderness Problem 
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We've all heard time and again the importance of beef tenderness to customer satisfaction. 
Research continually supports this concept. In the Beef Customer Satisfaction report from the 
National Cattlemen's Beef Association, tenderness was highly correlated to consumer ratings of their 
satisfaction with the product (r=.85), as was flavor desirability (r=.86). Recent focus group 
participants in a session discussing beef quality were quick to identify tenderness as one of the 
primary descriptors to quality. There is no doubt that tenderness is a critical characteristic of beef 
and providing product which does not meet consumer expectations will definitely reduce satisfaction 
with the eating experience. 
Strategies are needed to enhance tenderness. However, several philosophical or conceptual 
questions must be addressed before we as an industry pursue particular methods and technologies to 
meet the desired goal. 
DO WE NEED IMPROVED CONSISTENCY OR ENHANCED TENDERNESS? 
This is a significant question. It's my feeling that the extent of consumer satisfaction with beef 
depends to a large extent on their expectations. A steak from the grill or one purchased in a white 
tablecloth restaurant presents different expectations than one purchased at a reduced price in an 
economy store. The retail market is replete with examples of products which demonstrate that 
consumers are willing to make judgements on value based on costs versus expected product 
attributes. That's why there's a consumer market for steaks that range in tenderness, like round 
steak, top sirloin steak, and tenderloin steak. 
To improve consistency, we simply need to better sort the products we have. Koohmaraie 
and his colleagues at the U.S. Meat Animal Research Center have conceived and constructed an on-
line instrument capable of measuring tenderness for a chilled beef carcass. Direct measurement of 
tenderness avoids the problems associated with using indicators to predict expected tenderness. The 
approach definitely offers the opportunity to sort carcasses into tenderness categories. 
Given that management systems to assure meat tenderness are not well understood, not 
everyone is willing to accept tenderness measurement as a way to determine carcass value. The next 
presentation might offer some insights into how this might be accomplished. 
Some might suggest we simply need to use genetics to enhance tenderness of all beef and the 
problem will be solved. We need to understand that biological variation will always exist and even 
if it were possible to enhance tenderness genetically, there would still be cattle in the population 
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whose meat is marginally acceptable or unacceptable in tenderness. 
Judging by the variety of current activities, one might conclude that both strategies are 
needed. That is, we need to enhance tenderness and do a better job of sorting beef on the basis of 
tenderness. Such an approach means we need the tools to sort and tools to genetically select for 
tenderness. A third tool would be to alter or manipulate the tenderness of meat. 
WHERE IS THE BEST PLACE IN THE PRODUCTION-TO-CONSUMER CHAIN TO 
ALTER TENDERNESS? 
Genetic selection or screening represents application of powerful laboratory techniques for 
solution of a complex industry problem. We must be realistic, however, about the potential use of 
such a tool. Given the number of producers that have relatively small numbers of cows is it realistic 
to believe that knowledge of the genetic potential for an animal to produce tender meat will be used 
to make a meaningful shift in the population of animals available for market? Granted, large 
commercial producers could make good use of such information. Wouldn't a fair proportion of 
cattlemen be unable or unwilling to rigorously apply selection pressure to change the overall industry 
average and enhance meat tenderness? I do not mean to imply that genetic selection be abandoned -
indeed, there are some promising data coming forward which suggests that progress can in fact be 
made. Rather, I would proposed that this alone will not solve the problem. Especially when 
tenderness can be influenced by such a large extent during and after the slaughter process. 
Perhaps a better target area to alter tenderness is in the feedlot. Special feed ingredients like 
vitamin D (studied by Texas Tech University and Oklahoma State University) which appear to 
enhance tenderness would be welcome additions to the arsenal. Again one must ask - will all feeders 
pay the additional cost to improve the product or will the partial adoption of such a technology 
contribute to even greater variation in quality and tenderness? 
A third approach might be to improve the product at the packing plant. Given the diversity 
in production and feeding, application ofa technology in plants might be best place to uniformly apply 
it to all of the cattle. No doubt variation exists in handling practices at the various plants. But in 
many ways, packing plants become the funnel through which all of our cattle must pass on their way 
to the ultimate consumer. 
COMPONENTS OF TENDERNESS 
Many of you are familiar with the primary components of tenderness. That is, the contribution 
of muscle fibers and connective tissue. It's of use to briefly review them again here as an introduction 
to technology which might alter their relative contribution to the ultimate tenderness of beef. 
Muscle Fibers - muscles are composed of cells which contain overlapping protein filaments. The 
extent to which these filaments overlap is an indication of the degree contraction. Logic suggests, 
and research supports, the notion that more contracted muscles are less tender. Therefore, anything 
we can do to minimize the degree of contraction within a muscle or to disrupt the structural integrity 
of the fibers, the more tender the muscle. This opens up many strategies that have been investigated 
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to improve tenderness. Aging, for example, allows calcium-dependent enzymes (called calpains) to 
break down proteins and thus enhance tenderness. Addition of calcium chloride has been successfully 
added to muscle to increase calpain activity and thereby improve tenderness. Electrical stimulation 
creates micro-tears in the muscle structure and also appear to enhance proteolysis. Together these 
tools offer opportunities to improve tenderness of muscle fibers. 
Unfortunately, the degree of contraction can be profoundly influenced by conditions after 
slaughter. Muscles subjected to very cold temperatures prior to entering rigor mortis, the stiffening 
process that occurs after death, shorten and become less tender. The cooler temperatures also reduce 
calpain enzyme activity. As a result, these "cold shortened" muscles are much less tender than 
normal. 
Connective Tissue - Muscles, as well as muscle cells, are surrounded by connective tissue. This 
dense, tough tissue is primarily comprised of a fibrous protein called collagen. The more active 
muscles used for locomotion (like those in the round and chuck) have more collagen and thus are less 
tender than muscles used primarily for support (loineye and ribeye). 
As animals mature, the collagen protein becomes more cross-linked and less heat soluble. 
This causes older animals to be less tender than younger ones. 
Because connective tissue exists in all muscle, it creates a background, or baseline, level of 
tenderness. Depending on animal age and muscle type, the relative contribution of connective tissue 
to tenderness can vary. One thing is certain, improvement in muscle fiber tenderness will only 
succeed to a certain extent, beyond which the connective contribution will limit progress. This means 
that it's not possible to make high connective muscles (like round steak) or muscles from older 
animals and make them taste like loineye muscles from young animals using strategies that only attack 
the muscle fibers. 
HYDRO DYNE 
The Hydrodyne process offers considerable benefits to beef tenderness. The idea was 
conceived and patented by John Long of Hydrodyne, Inc. who then partnered with Dr. Morse 
Solomon of the USDA Meat Science Research Laboratory in Beltsville, MD to study the tenderness 
and commercial application of the process. We were fortunate to be invited to participate in several 
studies on beef (Figure 1). 
In the Hydrodyne process, a hydrodynamic shock wave is created in water through detonation 
of an explosive. Vacuum packaged meat is placed within the container with some type of steel behind 
it to reflect the shock wave. The pressures created by the passing and reflecting back of the shock 
wave are sufficient to create structural damage within the tissue and thereby improve tenderness. We 
also speculate that damage might occur to the organelle which contains calcium, thereby activating 
the calpains and enhancing the aging process. From a selection of studies, some conducted by the 
USDA and some by the university of Nebraska, a number of questions have been answered. 
Early work was conducted within plastic barrels with a steel plate placed on the bottom. The 
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shock wave occurs in milliseconds, meaning that the tenderizing effect occurs before the force 
ruptures the barreL Recent research has been conducted at T enderwave, Inc. in Buena Vista, V A in 
a commercially designed unit. It consists of a large, stainless steel bowl, 4-feet in diameter and 4-feet 
deep. Packaged meat is placed in the bottom of the bowl, immersed in water, and the explosive 
mixture is positioned above the meat. A bell-shaped lid is attached and the explosives are detonated. 
Structural Damage 
This electron micrograph (Figure 2) shows the structural damage which occurs to meat within 
the unit. Although no meaningful differences in the gross appearance of the meat is evident, these 
micro-tears within the muscle fiber mean that tenderness is improved. Zuckerman et al. (1997) were 
the first to demonstrate these effects to the muscle fiber. 
Quantity of Explosive 
The greater the quantity of explosive (a mixture of ammonium nitrate and nitromethane), the 
more pressure within the shock wave and the more tender the meat. Figures 3 and 4 demonstrate the 
improvement of tenderness observed with increasing amounts of explosive. The force which is 
applied to the meat depends on the proximity of the detonation to the meat as well as the quantity of 
explosive. The benefits of increased quantities of explosive were evident in both the smaller, test 
containers (Figure 3) and the larger, commercial unit (Figure 4). 
Improvement in Tenderness 
Table 1 presents results of Hydro dyne treatment for various types of muscle. Improvement 
in tenderness occurred in every experiment. The greatest change was a 66% reduction in shear force 
ofbeeflongissimus muscle. It appears the benefits of treatment with the Hydrodyne process occur 
in muscles which are high in connective tissue as well as those that are not. 
Flavor and Juiciness 
No differences in flavor or juiciness were found in Hydrodyne-treated beef (Figure 5). 
Aging versus Hydrodyne Treatment 
Figure 6 demonstrates the effectiveness of the Hydrodyne process compared to aging. Select 
loins treated with Hydrodyne were as tender after shipping (7 d post mortem) as the controls were 
after 17 days of aging. 0 'Rourke et al. (1997 a) have reported that treatment of pork chops with 
Hydrodyne 5 d post-mortem generated tenderness equal to control chops aged 40 days. At the 
completion of the aging period, there was no difference in tenderness of control chops aged 40 days 
and chops treated with Hydrodyne 5 days post-mortem. This suggests that there is a limit to which 
tenderness can be enhanced, either from aging or Hydrodyne treatment. We speculate that this is 
likely the threshold where the connective tissue component of tenderness becomes predominate. 
For beef, Choice strip loins demonstrated a benefit to Hydrodyne treatment at 3 days of aging 
that was equivalent to 21 days of aging on the control (Figure 7). 
Retail Stability 
Treatment of beef did not compromise the rancidity development (Figure 8) of meat stored 
under retail conditions. O'Rourke et al. (1997b) also found no differences in purge during shipping 
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or color ratings under retail display for Hydrodyne-treated beef. 
Degree of Doneness 
Steaks that are cooked to a higher degree of doneness are generally less tender. To be most 
effective, methods to enhance tenderness must succeed at different degrees of doneness. Figure 9 
clearly demonstrates the tenderness benefit of the Hydrodyne process, even when meat is cooked well 
done. 
CONCLUSION 
The Hydrodyne process offers considerable opportunities to enhance beef tenderness, even 
in muscles with high connective tissue content. It's easy to imagine an operating model whereby a 
Hydrodyne facility is built at or near beef packing plants, making the technology available to a variety 
of products. 
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Table 1. Effect of the Hydrodyne process on 
tenderness of various beef muscles. 
Shear force, kg Percentage 
Muscle Control Hydrodyne improvement 
Longissimus 8.3a 2.8b 66.2 
SenUrnembranosus 10.5a 4.3b 59.0 
Biceps femoris 7.8a 3.7b 52.6 
Semitendinosus 12.9a 5.7b 55.8 
a,b Means in the same row with different superscripts are different 
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Figure 4. Quantity of explosive affects 
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Solomon etal., 1997e) 
Figure 8. Oxidative rancidity (measured as thiobarbituric 
acid reactive substances) of Hydro dyne - treated beef 
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INTRODUCTION 
Steers and heifers comprising the U.S. "fed" beef supply are highly variable in 
biological type, age, and management background (most are grain-finished, but they are 
started on feed at different ages, given different growth promoting implants, fed for differing 
periods of time, and slaughtered at different ages). The beef industry's current system for 
ensuring acceptable product tenderness involves "mass inspection" (USDA Quality Grading) 
of completed products (carcasses) at the end of the production process. Although this system 
results in general categorization according to tenderness differences, product value is lost due 
to inaccuracy of sorting methodology (Quality Grades account for approximately 5 to 30% of 
the variation in beef tenderness) and because "inferior" products have been produced and 
must be sold at discounted prices. Additionally, the effectiveness of the present grade-based 
"quality assurance" system is reduced even further by the fact that most (over 80%, according 
to the 1995 National Beef Quality Audit) of the beef carcasses produced by "fed" steers and 
heifers fall within a very narrow range in USDA Quality Grades (Select and Choice) Cattle 
producers have been very successful in producing cattle that are very uniform with respect to 
Quality Grade, yet it has been estimated that, still, 1 in 4 beef steaks "doesn't eat right". 
An alternative approach for ensuring product tenderness, which would involve the use 
of Total Quality Management principles in a "Palatability Assurance Critical Control Points" 
(PACCP) system, was proposed at the 1994 National Beef Tenderness Conference. 
Application of such a system requires identification of causes of non-conformance (in this 
case, toughness) and, then, focuses on prevention of non-conformance through control of 
inputs and processes. This report summarizes results of a project commissioned by the 
National Cattlemen's Beef Association to develop a Total Quality Management System, using 
a combination of "critical control points" and "corrective actions", which could be used to 
reduce the incidence of retail beef tenderness problems in loin (top sirloin and top loin) steaks. 
DEVELOPMENT OF A TQM MODEL 
Establishing a Baseline and Defining Non-Conformance 
To measure the effectiveness of the TQM model, it was necessary to establish a 
baseline against which effects of any modification of the system could be compared. A retail 
steak audit conducted in 8 different U.S. cities determined that beef cuts were available to 
consumers in as few as 3 days post-harvest and that the average length of time between 
harvest and retail display was approximately 21 days. Also, few U. S. beef processors 
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presently use high-voltage electrical stimulation. Correspondingly, we chose to use shear 
force values of cuts from unstimulated, control carcass sides that had been aged for 3 days 
("worst-case" scenario) and 21 days ("normal" scenario) to serve as baselines for comparison. 
k also was necessary to define conformance vs. non-conformance with respect to 
tenderness. For the purposes of testing the TQM model in this study, non-conformance, for 
both top sirloin and top loin steaks was defined as a shear force value equal to or greater than 
4.54 kg based on the consensus established at the 1994 National Beef Tenderness Conference. 
To evaluate the effectiveness of various intervention steps, shear force was assumed to be 
normally distributed and a probability density function was computed (using the mean, 
standard deviation, and threshold shear force value) for each baseline and after application of 
each intervention. This approach provided the probability (expected occurrence) of non-
conformance. The goal of TOM is to reduce the occurrence of non-conformance. 
Inputs and Production Process Control 
Cattle-Type and Management Practices. Cattle included in this project (n = 192) 
were sired by 31 bulls (4 to 7 steer calves per sire). Eight different sire breeds were 
represented: Angus, Belgian Blue, Braford (5/8 Hereford X 3/8 Brahman), Braunvieh, 
Charolais, Limousin, Red Brangus (5/8 Red Angus X 3/8 Brahman), and Simmental. Implants 
were administered twice (Synovex-S, followed by Revalor-S) during finishing. The cattle 
were started on feed as calves and fed high-concentrate, grain diets in commercial feedlots 
until they attained approximately .45 inch external fat thickness over the rib eye at the 12th rib 
All of the carcasses produced by the steers were classified as A-maturity, and 92% of the 
carcasses had marbling scores of Slight and Small. The distribution of Quality Grades was 1 % 
Prime, 6% Upper 2/3 of Choice, 41 % Low Choice, 51 % Select, and 1 % Standard. 
Genetic Interventions. Two different intervention steps, associated with genetic inputs 
into the system, were evaluated: 
• Genetic Intervention A - The worst 25% of sires were eliminated, based on progeny group 
means for 14-d longissimus shear force. Progeny of eight sires (four Bos laurus and four 
Bos indicus composite) were eliminated. 
• Genetic Intervention B - The best 25% of sires were selected, based on progeny group 
means for 14-d longissimus shear force. Progeny of eight sires (five Bos taurus and three 
Bos indicus composite) were included in the selected group. 
(liote: Either A or B was used; the two genetic interventions were nol used together) 
Postmortem Interventions and Corrective Actions. Two postmortem intervention 
steps involving combined use of aging, high-voltage electrical stimulation (ES), and calcium-
activated tenderization (CAT) were identified and evaluated: 
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• Postmortem Intervention Step 1 - Application of high-voltage ES to all carcasses; age cuts 
for 14 to 21 days. 
• Postmortem Intervention Step 2 - Sort carcasses into two tenderness categories ("tender" 
vs. "tough") based on top loin shear force at 1 day postmortem: (A) Cuts with day-l 
shear values below 5 kg ("tender") were aged 7 to 14 days; (B) Cuts with day-l shear 
values of 5 kg or higher ("tough") received CAT and were aged 7 days. 
EFFECTIVENESS OF TQM MODEL FOR IMPROVING TENDERNESS 
Data showing the effectiveness of the TQM model are summarized in Figures 1 and 2. 
Baseline data indicate that the test sample of cattle produced relatively tough beef. 
Probabilities indicated that the expected rate of non-conformance after 3 days of aging 
("worst-case" baseline) was 1 in 2 for top sirloin steaks and nearly 2 in 3 for top loin steaks. 
After 21 days of aging ("normal" baseline) the expected failure rate was still nearly 1 in 3. 
Use of high-voltage ES (postmortem Intervention Step 1) without genetic intervention 
decreased the probability of non-conformance to .19 for top sirloin steaks and .22 for top loin 
steaks. Use of day-l shear force sorting and CAT (postmortem Intervention Step 2) 
improved tenderness slightly, when used without genetic intervention. 
Even after applying both postmortem intervention steps, nearly lout of 5 steaks failed 
to conform to the desired shear force specification, suggesting that application of postmortem 
technology cannot be expected to completely eliminate tenderness problems and that some 
attention must be given to improving the quality of "raw" materials. The following quote 
stresses the importance of the quality ofraw materials to the quality of a finished product. 
••.••.•• .'~Qnce the grerpe¥hil the diJck,' it "stoo latej()rusto correct the /roit. You can' make 
...•...•• g()od()P bad {vl'fle JrOiiz goodgrdpes,. but you CCl11" make good wineJrom bad grapes. 
s.o-wf!.trylohelpfC1171!erfgro}Vprerniu;lTlg,.apesjor our wines .. " 
. (l3obReed,I-lcmoEstacadoWinery) 
These same principles apply to the production of "quality" beef It is difficult to produce 
tender beef using cattle that are inherently "tough". 
Elimination of the "worst" 25% of sires decreased the probability of non-conformance 
to .18 for top sirloin steaks and to .16 for top loin steaks. On the other hand, selection of the 
"best" 25% of sires reduced the probability of non-conformance to .11 for top sirloin steaks 
and to .06 for top loin steaks. Use of either genetic intervention currently would require 
progeny testing of sires to identify "tough" vs. "tender" genotypes. However, if an automated 
system for measuring tenderness could be developed and implemented, progeny tenderness 
data would become more readily available to cattle producers and could be used for selection 
and management to improve beef tenderness. 
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Use of high-voltage ES, along with 14 to 21 days of aging (postmortem Intervention Step 1) 
further reduced the expected rates of non-conformance beyond that achieved using genetic 
intervention. Use of day-l shear force sorting and CAT (postmortem Intervention Step 2) 
improved tenderness slightly, when used in combination with Genetic Intervention A; 
however, when Genetic Intervention B was used, only a few top sirloins and no top loins 
received calcium injection treatment, so Postmortem Intervention Step 2 had little effect. 
CONCLUSIONS AND RECOM1vfENDATIONS 
The effectiveness of applying TQM principles to enhance beef tenderness was tested. 
The test population of cattle was genetically diverse, but was constrained to include youthful 
steers with no more than 3/8 Bas indicus inheritance. Feeding and pre-slaughter management 
of the cattle were consistent with procedures recommended for production of grain-finished 
beef of an acceptable quality level. Moreover, the slaughter endpoint (.45 inch external fat 
thickness) was chosen to result in production of mostly Select and Choice grade carcasses 
(98% of the resulting beef carcasses qualified for these two grades). 
Two interventions were very effective and are recommended for use in a TQM model 
for improving beef tenderness: 
1. Selection of the top (most tender) 25% of sires, based on progeny group means for 14-day 
top loin shear force. 
2. High-voltage ES of all carcasses, followed by a 14 to 21-day postmortem aging period. 
Use of these two interventions reduced the expected rate of non-conformance to 
approximately 6% (1 in 17) for top sirloin steaks and 1 % ( 1 in 100) for top loin steaks. 
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B-MATURITY rACTORS :\FrECTING PHYSIOLOGICAL I\IATURITY 
J Brad Morgan 
Department of Animal Science 
Oklahoma State University 
INTRODUCTION 
The United States Department of Agriculture (USDA) approved a change in its 
grading system in 1996 that became effective January 3 I, 1997. All carcasses with overall 
maturity scores of "B" (from cattle approximately 30 to 42 months of age at slaughter) and 
with Slight or Small degrees of marbling are excluded from the U S Choice and U S Select 
quality grades. In fact these carcasses will only b~ eligible for the US Choice grade if they 
possess a minimum of Modest amount of marbling (Figure I). 
Figure I. The new relationship between marbling, maturity and beef quality grades 
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It is important to understand how carcass maturity scores are determined. Under the 
current US. Quality Grading system, carcasses are segmented into one of five maturity 
groups based on estimates of physiological maturity. These groups are designated ";\", "8", 
"C", "D", and "E" and can be further broken into 100 points, with a representing the youngest 
possible extreme within a group and I 00 being the oldest possible within that group It is 
important to notice the overlap of the A I 00 with the BOO, the B 100 with the COO, etc. Under 
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the current guidelines of the beef quality grading system any carcass that is assessed as A I 00 
or BOO will be classified as A I 00, therefore making it eligible for quality grades that 
correspond to the "A" maturity grade (Figure 2) 
Figure 2. The approximate chronological age with increasing physiological maturity 









Carcass Maturity Groups 
Determining the Carcass Maturity Score 
EIOO 
The physiological maturity of a carcass is a very subjective estimate of the animal's 
true chronological age. Physiological maturity is assessed by evaluating the size, shape, and 
ossification of the bones and cartilage's -- especially the last three thoracic cartilage buttons or 
tips of the split chine bones of the forequarter - and the color and texture of the ribeye 
muscle. Ossification is the hardening of cartilage into bone, a phenomenon that occurs in 
various areas of the skeleton as animals age. The following guidelines are set to differentiate 
between "A" and "B" maturity groups 
• "A" Maturity: 
In young carcasses (those in the "A" maturity group), the skeletal characteristics will 
appear as follows: 
(I) The cartilage on the ends of the chine bones show little or no ossification, 
cartilage is evident on all vertebrae of the spinal column, and the sacral 
vertebrae show distinct separation. 
(2) The split vertebrae usually are soft and pourous and very red in color 
(3) The rib bones have only a slight tendency toward flatness, and the color is 
bright cherry red. 
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• "8" Maturity: 
In progressively more mature carcasses, the following changes occur: 
(1) Ossification changes become evident first in the bones and cartilages of the 
sacral vertebrae, then in the lumbar vertebrae, and still later in the thoracic 
vertebrae. Also, the lean becomes darker colored and coarser textured. 
(2) In "B" maturity carcasses the upper three thoracic buttons (See Figure 3) 
should have between I 0% and 3 5% ossification (bone within the cartilage). 
The sacral vertebrae are completely fused, and the lumbar vertebrae are nearly 
completely ossified. The ribs are slightly wide and slightly flat. 
Figure 3. A comparison of the ossification in the thoracic vertebrae of an "A" maturity 
carcass and "8" maturity carcass. 
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Relationship Between Carcass Maturity and Beef Tenderness 
Leading into the proposed grade revision, most retailers, restaurateurs and purveyors 
agreed that the consistency associated with beef tenderness would be improved if the "B" 
maturity quality revision was accepted. According to National Cattlemen's Beef Association 
information more than 200 million undesirable eating experiences would be prevented as a 
result of the grade revision. Certainly, previous research on the relationship between carcass 
skeletal maturity and tenderness was taken into count when the proposed grade revision was 
being fleshed-out on the drawing board. Some "8" maturity carcasses in the U.S. Choice and 
US Select quality grades do produce beef of satisfactory eating quality, but more than 40% 
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do not - thus contributing to the inconsistency problem pointed out by beef merchandisers and 
consumers. In this connection, one might ask: What American consumer-product company 
could remain in business if part of its product line had a failure rate of 40 percent') 
An accompanying chart (Figure 4) shows the results of sensory panel ratings of beef 
from more than 1, 000 beef carcasses. When B-maturity carcasses are removed from the US 
Choice and U.S. Select grades, quality variability is reduced (note the chart's shorter bars for 
A-maturity beef only) and the percentage of carcasses yielding less than acceptable beef is 
sharply reduced. 
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Variables Affected Skeletal Maturity of Beef Carcasses 
This change in the US. Quality Grading system has caused considerable controversy 
for several reasons, including the fact that the difference in carcass value of a US Standard 
compared with a US. Select or Choice may be as much as $25 to $30/cwt. Furthermore, the 
relationship between carcass maturity and cooked beef tenderness may be affected by several 
factors other than actual age of the animal at the time of slaughter. The following list includes 
variables believed to influence carcass maturity 
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• Age of animal at slaughter: Appraisals of carcass maturity are included in the USDA beef 
grading standards on the assumption that advancements in physiological maturity result in 
decreased cooked beef tenderness. Previous quality studies have indicated that substantial 
differences in tenderness exist between muscle samples from very youthful (A-maturity) as 
compared to v,~ry mature (E-maturity) carcasses (Romans et aI., 1965; Walter et aI., 1965; 
Breidenstein et aL, 1968; Carpenter, 1974; Smith et aI., 1982). However, research has also 
shown little difference in meat tenderness samples from "A- and B-maturity" carcasses 
(Smith et aI., 1982; Miller et aI., 1983; Shackelford et aI., 1995; Field et aI., 1996) In 
summary, the verdict is still out concerning the strength of correlation between maturity 
score (A vs. B maturity) and tenderness 
• Gender status: According to the latest USDA audit, the new "B-maturity" grading 
standard has downgraded 1 61 % of the heifer carcasses compared to only 0.46% of the 
steer carcasses. It certainly is no surprise that a greater number of heifer carcasses are 
being downgraded when compared to steer carcasses due to the fact that heifers are earlier 
maturing than their steer counterparts. Another factor that has certainly skewed more "B-
maturity" carcasses in heifer populations is a unique production scheme referred to as the 
single-calf-heifer system (SCH). As described in 1985 by Taylor and his co-workers, the 
SCH system involves retaining surplus heifers, breeding them to produce one calf, and 
finishing them in a feedlot beginning shortly after parturition. The SCH system is very 
efficient because it combines reproduction and meat production into one system. This 
system results in a dramatically higher salvage value of the calved heifers relative to more 
mature cows and greatly reduces maintenance costs generally associated with traditional 
cow-calf operations. That's the good news; the bad news is that a high percentage of 
meat produced from this management style has less desirable shear force value and 
sensory ratings compared to meat from conventionally produced steers and heifers. 
• Implant status and ./i'equency: Results from implant trials conducted after 1989 were 
compiled to create the OSU Implalll Data Base. Results were summarized to determine 
the impact of various implant types and schemes on beef carcass quality traits and meat 
tenderness. Compared to carcasses from non-implanted control animals, skeletal maturity 
of carcasses from implanted cattle was increased (Figure 5). In fact as implant strategy 
became more aggressive, the degree of increased carcass skeletal maturity became more 
pronounced. (General note: ME mild estrogen implants consisting of Compudose or 
Ralgro; SE strong estrogen implants consisting of Synovex, Implus, Magnum, Steer-oid 
or Heifer-oid; A: androgen implant consisting of Finaplix; Me mild combination implant 
consisting of Revalor; and SE: strong combination implant consisting of Synovex Plus) 
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Figure 5. Impact of anabolic implant administration of beef carcass skeletal maturity 
70 
.~60 k--~----."" 






..!Ii:: en 10 
o 
ME ME+A SE SE SE SE+A MC MC SC SC 
ME+A SE SE+A MC SC 
Source: OSU Implant Data Base, 1997. 
"B" Maturity: Is It Impacting Our Industry? 
Control 
A44 
Original USDA estimates stated that approximately 265,000 (094~/o) steer and heifer 
carcasses would be downgraded to US. Standard in 1997. Economic losses associated with 
the production of advanced maturity carcass is estimated to be approximately $60 million 
annually. Certainly, this did not account for potential losses associated with much of the 
downgraded beef from "B-maturity" carcasses which actually are very palatable. However, 
according to the most recent "B" maturity audit conducted by the Livestock and Meat 
Standardization Branch of the USDA, the new grading change has impacted approximately 
0.76% (0.36% and 1.31 % for steer and heifer carcasses, respectively) of the fed cattle in the 
U.S. (Figure 6). Surprisingly, many more "c" maturity carcasses are being found throughout 
the beef coolers of beef processing plants across the US 










Source: USDA, February through June of 1997 
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INTRODUCTION 
Reproductive rate or efficiency, the number of live offspring produced from a herd of a 
specified number each year, is the main determinate of biological and economic efficiency of a 
beef cattle enterprise. Reproduction is a complex and continuous process that starts before birth 
and continues through puberty and a series of endocrine and behavioral events that include 
estrous cycles, breeding, conception, gestation, parturition, and lactation. The culmination of 
reproduction is live offspring produced for sale or for reentering the herd as replacements. 
Whenever any of these events are interfered with, reproductive rate and economic efficiency will 
decrease. In most beef cattle operations, the goal for reproductive rate is one calf weaned each 
year for each female that is two years old or older, but that rate is rarely attained because of 
limitations and interferences in the system. Many management (primarily nutrition), genetic, and 
disease variables will affect reproductive rate, and these variables must be taken into account in 
managing a profitable ranch enterprise. However, there are cases where reproduction is interfered 
with even when we think we have "done everything right." Such is the case when cattle consume 
plant products that contain compounds that interfere with reproduction; an area referred to as 
reproductive toxicology. Two examples that we will cover in this review are plants that contain 
high levels of estrogens which potentially interfere with reproduction through effects on estrous 
cycles and conception and needles from Ponderosa pine trees which interfere with pregnancy 
maintenance during late pregnancy. There are other plant toxins that affect the general well being 
and health of cattle, but we will zero in on these two that primarily affect reproduction. 
PINE NEEDLES 
Background Information. Cattle prodt.:cers in the Western United States may experience 
significant and even catastrophic economic losses (Lacey et aI., 1988) when late pregnant cattle 
abort after eating needles from Ponderosa pine trees. Economic losses occur because calves are 
born premature and do poorly or die. Affected cows always have retained placentas that, if not 
treated properly, may cause complications and even death of the cow. Because of these potential 
losses, ranchers are not able to safely use pastures that have pine trees in them during the winter, 
and this affects pasture management for the whole year. 
lThis research was conducted under a cooperative agreement between USDA, ARS and the 
Montana Agric. Exp. Sta. Mention of a proprietary product does not constitute a guarantee or 
warranty of the product by USDA, Montana Agric. Exp. Sta. or the authors and does not imply its 
approval to the exclusion of other products that may also be suitable. USDA, Agricultural Research 
Service, Northern Plains Area, is an equal opportunity/affirmative action employer and all agency 
services are available without discrimination. 
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Physiologically, the abortive response is caused by a vasoconstrictive substance (interferes 
with vasodilatation or blood flow) in the pine needles. This substance causes a profound decrease 
in uterine blood flow (Christenson et aI., 1992a; 1992b; 1993). As a result the calfis stressed and 
induces parturition. Thus, the effect is an induced parturition rather than an abortion. We still 
refer to the problem as pine needle abortion because the expression is so commonly used. 
Nonpregnant cows, steers, and bulls are not affected. 
The response becomes more pronounced as pregnancy progresses. In the first trimester of 
pregnancy, very few cows are affected, some will be affected in the second trimester, and almost 
all cows are susceptible during the third trimester, especially in the last 30 to 60 days. Cows need 
to eat from 3 to 5 pounds of needles for several days to induce the abortions, and the abortions 
will stop within 2 to 3 days after the source of pine needles is removed or the cows are removed 
from the source (James et aI., 1989; Short et aI., 1992; 1994; 1995a). 
The solution to this problem depends on finding a way to block the effects after the cow eats 
the needles or by preventing cows from consuming needles. Altering the diet once cows have 
eaten pine needles has not affected their response. Dietary variables studied have included 
vitamins, minerals, an organic binder (bentonite), forage (hay, straw, silage, etc.), and 
concentrates (Short et aI., 1994). We can block the induced parturition (Short et aI., 1995b) by 
feeding a progestin (MGA) or a prostaglandin inhibitor (such as aspirin). However, these 
treatments only block parturition. They do not correct the underlying problem of a drastic 
decrease in blood flow to the uterus and calves may die in utero. 
Discouraging cows from eating pine needles in the first place has been equally unsuccessful. 
The only dietary variable that prevents pine needle consumption is when cows are fed 25% or 
more corn silage. Why this occurs is not known. However, feeding corn silage is not a practical 
solution on most farms or ranches where pine needle abortion is a problem. Low protein content 
of the diet will decrease pine needle consumption, but it will not prevent it. Many other dietary 
variables have been tested unsuccessfully. 
One approach scientists use to understand biological systems is to compare form, function, 
and responses among species. By comparing differences in response to treatments and 
differences in physiology, it is often possible to determine the how and why of a biological 
system or phenomena. In the case of pine needle abortion, our goals were to compare response 
of different animal species to pine needle consumption and different species of pine for whether 
or not they cause the problem. Animal comparisons provide clues to physiological and metabolic 
mechanisms. Plant comparisons provide clues to the active components. 
Research on animal species response. Effects of pine needles on different animal species 
were studied in feeding trials. Ponderosa pine needles were fed to late pregnant females of 
different species at the rate of about 25% of their diet. Bos taurus (several European breeds) and 
Bos indicus (Brahman) cattle, guinea pigs, bison, goats, domestic and bighorn sheep, elk, and 
whitetail deer were tested (Panter et aI., 1987; Short et aI., 1992; Bellows et aI., 1996). 
Blood samples were taken before and during feeding to determine physiological effects of 
pine needle consumption. Interval to parturition was used as an indicator of abortifacient activity. 
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Both cattle species had induced parturitions in response to consuming Ponderosa pine 
needles. Guinea pigs responded similar to cattle. The guinea pig response is now used as a 
bioassay for activity in pine needles (Ford et aI., 1997). When pine needles are mixed with their 
only feed source, bison eat them and abort like cattle. However, several herds of bison in the U. 
S. graze in areas with Ponderosa pine trees during late pregnancy with no observed abortions or 
decrease in calving rates. Thus, bison may not normally eat pine needles. Other than providing 
an assay, these two species do not help much as a model to understand pine needle abortion 
because they are not different from cattle. 
Table 1. Summary of animal species response to Ponderosa pine needles (PNt 
Abort when fed Plasma VCb Eat PN when Abort when 











































3Response categories: + = yes, - = no, ? = no data, na = data not available and( or) are not 
applicable. 
bve = vasoconstrictive activity in a placentome perfusion assay. 
CData partially from Hamlin, 1979; Dusek, 1980; Nellis, 1968; Nellis and Ross 1969. 
Sheep and goats are partially different from cattle in that they do not abort. However, sheep 
may have an increased incidence of dead fetuses at birth. Both sheep and goats, like cattle, have 
high vasoconstrictive activity in blood samples taken 3 or 4 days after pine needle feeding starts. 
This would indicate that the activity passes through their GI tract and is absorbed into the blood 
just as in cattle. Either the blood flow mechanisms are different or are less responsive in sheep 
and goats as compared to cattle. Because of this similarity, these two species also have limited 
usefulness in helping to understand pine needle abortion. 
Elk provide an interesting model in that they inhabit areas where Ponderosa pine trees are 
often prevalent. They eat pine needles and have normal calving rates in the wild. In an 
experiment where pine needles were mixed with their diet, elk did not abort or have increased 
vasoconstrictive activity in plasma. How elk avoid effects of the active material from the pine 
needles is unknown. When ruminal contents from elk have been incubated in vitro with pine 
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needles the vasoconstrictive activity was not present. In companion trials with ruminal contents 
from cattle there was vasoconstrictive activity. Ruminal contents from elk and goats were 
transferred to pregnant cattle before and during pine needle feeding of the cattle. Neither elk nor 
goat ruminal contents prevented the abortive effects of the pine needles. As we will see later, the 
problem may be that cattle rumen microbes may actually produce the active material; whereas, 
species that do not respond do not produce the active material. rf this is true, then transfer of 
rumen microbes will not work to prevent the problem as it has been shown with other plant 
toxins (Hammond, et aI., 1989). 
It is interesting to speculate on why there may be species differences in response to pine 
needles. Both Bos taurus and Bos indicus cattle evolved in parts of the world where they did not 
have access to needles from Ponderosa pine trees. Thus they would not have needed to devise 
a strategy to deal with any adverse effects. On the other hand, many wild species of ungulates 
evolved in environments with access to these needles. Bison will abort when force-fed pine 
needles. They apparently evolved a strategy of not consuming them. Elk may need access to pine 
needles as a nutrient source at some times of the year. Thus, they developed a strategy of not 
producing (or inactivating) the abortifacient activity. Other species such as deer and bighorn 
sheep which did not abort when fed pine needles may have evolved the same or other strategies. 
Research with needles from different species of trees. Most research on pine needle 
abortion has been conducted with needles from Ponderosa pine. All collections from Ponderosa 
pine trees over several years had about equal activity regardless of geographic location, age, on 
trees or on the ground, and fresh or weathered. Therefore, there is no variation in needles from 
Ponderosa pine to use as an aid in determining the active ingredient(s). 
Collections from other species may be useful to identify potential differences in 
abortifacient response and associated differences in chemical composition. Data from other pine 
species would also be useful so that producers can know which of them are or are not potential 
problems. Pine needles were collected from various species of pine trees, dried and ground. The 
ground needles were fed to cows in late pregnancy at the rate of 4 to 6 lb/day. Loblolly, 
Lodgepole, Red, and White pine do not have detectable abortifacient activity. These four species 
of pine that do not cause abortions are being evaluated. This information will be used to help 
answer the questions regarding the active ingredient. 
Research on identifying active chemicals in pine needles. Two chemical compounds or 
classes of compounds have been identified as the possible culprit(s) in pine needle abortion. 
They are isocupressic acid (rCA, Gardner et aI., 1996) and vasoactive lipids (VAL, AI-
Mahmoud, et aI., 1995, 1997). However, the data are confusing as to which of the two or some 
combination is actually involved. Even though VAL are highly vasoactive, when fed to cattle 
the V AL did not cause abortions. A semipurified preparation of rCA obtained from PN and fed 
to cattle induced abortions (Gardner et aI., 1996), but when we tested purified rCA in our 
placentome perfusion system, it did not have any vasoconstrictive activity. More recently we 
(Lin et aI., 1997) found that when rCA is incubated with rumen fluid from cattle, rCA is 
converted to two compounds which may have vasoactivity. More research is necessary to sort 
out the meaning of these data. 
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Conclusions. The effects of pine needles on inducing abortions in cattle are now well 
documented to be primarily a problem in late pregnant cows and are manifested by a profound 
decrease in blood flow to the uterus, stress to the calf and premature parturition. Assays for the 
biological activity have been developed using pregnant guinea pigs and a late pregnant 
placentome perfusion system. Several species of wild ungulates (bison are an exception) do not 
respond to the effects of pine needles probably because of differences in ruminal metabolism, 
but attempts to transfer ruminal microbes from other species to cattle have not been successful 
in preventing pin,e needle effects. Two classes of chemical compounds have been identified as 
potential culprits 'in the effects of pine needles, but we do not know for sure how or if each one 
is actually involved. Attempts to counteract the effects of pine needles have not been successful, 
and only feeding com silage has prevented consumption of pine needles. Of those species tested, 
needles from Ponderosa pine are the only ones that have been shown to induce the problem. 
Producers must still rely on management strategies to minimize the exposure of cows to needles 
from Ponderosa pine trees in late pregnancy. 
PLANT ESTROGENS 
Chemical Nature of Estrogens. Estrogens that are produced by animals are part of a class 
of compounds called steroids. Steroids are synthesized in animal tissue from cholesterol, and 
there are four main categories (estrogen, androgen, corticoid, and progestin) based on biological 
activity. Shown in Figure I is an example of a specific compound in each classification and the 
parent compounds, cholesterol and pregnenolone. Note that only minor changes in the chemical 
structure changes the biological classification. The primary estrogen in the body is estradiol-17P, 
but there are others such as estrone and estriol. One of the structural components of an estrogen 
is the phenol ring on the left side of the molecule. Other compounds that are not steroids may 
have that or other structural similarities to estrogens and show estrogenic activity. Such is the 
case with estrogens that are shown in Figure 2. These estrogens may be synthesized as is the case 
with stilbestrol, or they may be produced by plants (coumestrnl). To complicate matters there 
is another class of compounds produced by mold or fungi called mycotoxins that also may have 
estrogenic activity. Zearalenone and zearalenol are examples of estrogenic mycotoxins. 
Role of Estrogens in the Body. Estrogens are in a general class of compounds that exert 
estrogenic effects in the body and were named originally when it was discovered that they cause 
estrus or heat to be expressed. Estrus is the set of behavioral characteristics displayed by females 
that include receptivity to be bred by a male just before ovulation and is the start of the estrous 
cycle in most female mammals (Homo sapiens being one of the main exceptions). Estrogens are 
produced mainly in the ovary but also are produced by the placenta in late pregnancy and by the 
testicles and adrenal glands. We now know that estrogens have many effects in addition to 
inducing behavioral estrus that include orchestrating a complex series of endocrine, neurological, 
and ovarian processes that lead up to sexual maturity (puberty) and continuation of estrous cycles 
as well as contributing to uterine and mammary development and function, parturition, and bone 
and muscle growth. 
The effects of estrogens may be stimulatory or inhibiting and this effect may change 
depending on the physiological state of the animal or the concentration of the estrogen. An 
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Figure 1. Chemical structure of cholesterol, pregnenolone and steroids. Cholesterol and 
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Figure 2. Chemical structure of several phytoestrogens in comparison to the steroidal estrogen, 
estradiol17B and a synthetic estrogen, diethylstilbestrol (from Shemesh and Shore, 1994). 
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example of this dichotomy of effects is that estrogens are in low concentrations and inhibit 
gonadotropin secretion before puberty. But as puberty approaches, the concentration of estrogen 
increases and the effect switches from inhibition to stimulation of a cascade of events that 
include follicular development on the ovaries, expression of estrus, luteinizing hormone release, 
ovulation, sperm transport, conception, pregnancy, and parturition. 
Because of the ubiquitous nature and array of effects of estrogens, it is not surprising that 
there are many ~stances where estrogens given (exogenous or external source) to animals either 
intentionally or unintentionally result in dramatic negative or positive effects. Examples of 
desired effects in human medicine would be the use of estrogens in birth control pills and 
treatment of postmenopausal disorders in women. Estrogens also are used beneficially in animal 
agriCUlture to improve treatments to induce and synchronize estrus and to increase rate and 
efficiency of gain. The effects on gain using stilbestrol were shown almost 50 years ago. 
Stilbestrol is not currently approved for use because of potential carryover effects with pregnant 
women. Modem products use the natural estrogen, estradiol-17P, as part of implant treatments 
to enhance growth. 
But not all effects of estrogens are beneficial. Such can be the case when animals ingest 
plants or plant products that contain estrogens. These compounds are called phytoestrogens, and 
they sometimes interfere with production and reproduction. Phytoestrogens are mainly produced 
by legume plants such as soybeans, clover, and alfalfa; and their production is increased by plant 
stress (drought, disease) and by fertilization with material (such as sewage products or some 
manure) that may contain estrogens or estrogen precursors. 
Effects of Phytoestrogens in Sheep and Dairy Cattle. Shemesh and Shore (1994) and 
Adams (1995) have recently reviewed this topic, and we will rely heavily on those reviews in 
this discussion. Sheep and dairy cattle have been studied the most. A synopsis of that research 
is as follows. 
• Most research has been done in Australia, New Zealand, Israel, Europe and Southern United 
States, and these are the areas where most problems have been documented in sheep and 
dairy cattle. 
• Subterranean clover has been the most common plant with a problem of high estrogen 
content, but other legumes such as alfalfa, red clover, white clover, and soybeans also may 
have high estrogen content. New varieties have been developed with lower estrogen content. 
• Estrogen content is highest during rapid plant growth, when fertilizer is used that is high in 
estrogen or ifthe plants are stressed by drought or disease. 
• Effects in sheep range from very mild symptoms that may include temporary infertility all 
the way to permanent sterility. 
• Effects in dairy cattle are less severe but still may result in temporary periods of infertility. 
Shemesh and Shore (1994) concluded that alfalfa should not contain more than 20 ppm of 
estrogen (coumestrol) to avoid the problem. 
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• Problems are only observed with females; no adverse effects have been found in males. 
Effects of Phytoestrogens in Beef Cattle. This is the area that most of you are interested 
in, but unfortunately, it is the area that the least is known about. Very little research has been 
published to document the extent of problems with phytoestrogens in beef cattle. Most of what 
is known is based on work with sheep and dairy cattle and on circumstantial evidence, anecdotal 
information and observations of producers and agribusiness persons directly involved with 
nutritional and reproductive products (estrous synchronization). We will try to summarize this 
information, but remember, most of these conclusions are not based on experimental evidence. 
• Problems seem to be most prevalent with feedlot cattle and at times when reproduction is 
being intensively managed with estrous synchronization and AI. 
• Sources of estrogens could be sweet clover, alfalfa, soybean products, moldy hay, or moldy 
grain (remember the mycotoxins). Curing into hay may (but not always) reduce estrogen 
content but ensiling does not. 
• Cattle, especially those in feedlots, that are on products with estrogen (many growth 
stimulating implants) or products that elevate endogenous estrogen (MGA) may be more 
sensitive to exposure to phytoestrogens. 
• Symptoms in feedlot cattle include "bulling" or excessive riding in steers and heifers, but 
it is more common in heifers. Heifers will have a higher incidence of prolapse, both vaginal 
and rectal. Symptoms in breeding cattle may include depression of signs of estrus or just 
the opposite with excessive expression of estrous signs with depressed conception rates. 
• There is not a good data base for estrogen content of many of the feeds that are grazed by 
or fed to beef cattle. Assays are difficult to run and standardize among laboratories. 
Conclusions. Effects of phytoestrogens in sheep and dairy cattle are well documented with 
the effects in sheep being much more severe. Management alternatives that include appropriate 
pasture management, selection of low estrogen varieties and feed monitoring are available to 
prevent these effects. Effects in beef cattle are not well documented but are probably important 
in many production situations. When managing beef cattle in feedlots and during the breeding 
season, be aware of symptoms and potential sources of estrogen - any legume pasture, hay or 
haylage; moldy hay or grain; or any estrogenic products that the animals may be receiving. 
Devise grazing, feeding and management strategies to minimize potential risks. 
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INTRODUCTION 
Given the relatively high fiber and moderate crude protein concentrations in Ponderosa pine 
needles (Adams et aI., 1992; Pfister et aI., 1992) and their potential negative effect on organic 
matter digestibility and nitrogen retention in ruminants (Adams et aI., 1992), it is not readily 
apparent why cattle eat them. However, there are a number of ideas that may help explain why 
they do. Ponderosa pine needles contain a variety of nutrients and precursors including glucose, 
fructose, galactose, sucrose, citric acid, shikimic acid (a precursor in the biosynthesis of the 
amino acids phenylalanine, tyrosine and tryptophan), crude protein (Pfister et aI., 1992; Adams 
et aI., 1992), a variety of minerals (Kronberg, unpublished data), and probably some vitamins. 
The needles also contain large amounts of phytochemicals including monomeric phenolics, 
flavonoids, terpenes, and tannins (Pfister et aI., 1992; Adams et aI., 1992). 
Five potential reasons for ingestion of Ponderosa pine needles by cattle include: 1) 
inadequate availability of alternative vegetation or supplements that could satisfy their hunger, 
2) to obtain needed nutrients that are not available from alternative feeds, 3) to reduce negative 
physiological consequences resulting from their ingestion of other feeds (self medication) , 4) 
they find the flavor of needles desirable for reasons unrelated to those listed above so they eat 
them, and 5) they are bored with other vegetation or feeds that are available to them and 
therefore eat the needles because they are novel. 
Numerous observations by ranchers and scientists support the idea that cattle will eat 
Ponderosa pine needles even when other forages and (or) concentrates are available. Whether 
or not these alternative feeds usually meet their nutrient requirements is unknown because the 
nutrient content of ranch feeds is often not known, and even in research situations, our 
understanding of cattle nutrition and feed quality is imperfect. If hungry cattle are eating the 
needles because there is little available alternative feed in their pastures because it has been 
grazed out, covered by snow, or is not being supplemented to them, then the solution is obvious. 
RESEARCH SUMMARY 
Ruminants that are experiencing nutrient deficiencies will eat unusual materials that appear 
to help rectify their deficiencies (Provenza, 1995). Goats consuming nitrogen-deficient 
vegetation ingested woo drat dwellings that were high in nitrogen-containing excreta (Provenza, 
!USDA, Agricultural Research Service, Northern Plains Area, is an equal opportunity/ 
affirmative action employer and all agency services are available without discrimination. 
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1977). Cattle with mineral deficiencies ate rabbit flesh and bones while non-deficient cattle did 
not eat them and ignored the bones (Wallis de Vries, 1994). Sheep grazing mineral-deficient 
pastures ate parts of infant birds (Furness, 1988). Bighorn sheep ingested rodent middens with 
high mineral content (Coates et aI., 1991). Phosphorus-deficient cattle ate bones (Pamp et aI., 
1976). These observations do not show, however, that ruminants have a true appetite (or 
"nutritional wisdom") for any of these nutrients. Ruminants, like other animals, can withstand 
inadequate daily intake of macro- and micro-nutrients; consequently, they do not have to 
optimize their daily intake of any particular nutrient (Booth, 1985). Instead, as Provenza (1995) 
states "homeo'static regulation needs only some increasing tendency, as a result of a gradually 
worsening deficit of some nutrient or of an excess of toxins or nutrients, to generate behavior to 
correct the disorder." 
There appears to be considerable variability in the amount of needles that cattle will eat, and 
only a few studies report the nutritional conditions for cattle that are consuming pine needles. 
Cattle on Colorado Ponderosa pine-bunchgrass rangeland did not eat pine needles while grazing 
this range from May to November (Currie et aI., 1977). On rangeland in the Black Hills of South 
Dakota, cattle increased the amount of Ponderosa pine needles in their diets from 4.5 to 6.7 to 
8.7 and to 9.4% in June, July, August, and September, respectively, while the amount of grass 
in their diets remained near 54% during these months (vegetation from a variety of forb, shrub, 
and tree species compose the remainder of their summer diet; Uresk and Painter, 1985). By 
comparing the proportion of a plant species in cattle diets in August in respect to the proportion 
of that plant species in the total plant cover, Uresk and Painter (1985) observed that cattle were 
clearly selecting for or avoiding most grass and browse species; thus, their ingestion of pine 
needles in August can not simply be attributed to decreased availability of alternative plants. In 
other words, cattle were deliberately eating pine needles. In late summer, the crude protein 
content of grasses is often much lower than it is in tree leaves; therefore, it is possible that the 
cattle in this study increased their ingestion of pine needles in order to acquire more crude 
protein (CP). 
During a fall and winter, MacDonald (1952) offered 6 gestating cows free access to fresh 
Ponderosa pine needles stripped daily from live trees. Each day, these cattle also were offered 
17 pounds of poor-quality grass hay (6.2% CP), 3 pounds of alfalfa hay (12% CP), and one half 
pound of "oi1cake" meal (33% CP). The cows had free access to a mineral mix composed of 
bonemeal, salt, iron sulfate, cobalt sulfate, copper sulfate, and potassium iodide, and were 
supplemented daily with 3000 LU. of vitamin A per 100 pounds of body weight. Although pine 
needle intake was not measured, only one cow in this group produced a normal calf; all others 
produced calves that were born dead or died shortly after birth. A control group of cows that 
were offered the same diet and minerals, but not pine needles, produced normal healthy calves. 
This was early scientific evidence that cattle would consume Ponderosa pine needles even when 
well fed. 
Pfister and Adams (1993) observed grazing cattle in the same area of Ponderosa pine-
occurring rangeland in eastern Montana during portions of two winters. Thirty-two and 13% of 
observed bites (about 6.3 and .69 lb per day, respectively) by gestating cows were of pine 
needles on the ground or on trees, respectively, during the first winter, but less than 1 % of bites 
were of pine needles during the second winter. During the first winter, cows consumed more 
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needles from trees as the snow depth increased and presumably reduced availability of needles 
on the ground. The authors attributed the higher intake of pine needles in the first winter 
primarily to colder temperatures and much lower availability of alternative forage (mainly dead 
grass). Cattle consumed the higher amounts of pine needles during the first winter even though 
they were offered 15.4 lb of alfalfa-grass hay per animal each morning of the trial. Pfister and 
Adams (1993) noted that the cows ate the hay in the morning and never started grazing before 
noon. They also observed that pregnant cows consumed 33% more pine needles than open cows 
did. In a more re,cent study by Pfister (1997), he observed that grazing cattle in the Black Hills 
of South Dakota ate more pine needles during a colder versus a mild winter. 
In another pen trial, gestating cows consuming 25.1 Ibid of grass hay (that gave them 1.6 Ibid 
ofCP) ate 1.6lb of air-dried Ponderosa pine needles per day (Short et aI., 1994). Gestating cows 
on the same diet of grass hay with ad libitum access to wheat straw ate 1.3 Ibid of air-dried 
needles, and cows offered a high-protein diet (2.3 Ibid of CP) of grass hay and soybean meal ate 
2.9 lb of air dried needles per day (Short et aI., 1994). Thus, the cows on the higher protein diet 
ate considerably more pine needles than did cows on the diet with the moderate crude protein 
level. However, cows in all treatments ate enough pine needles to induce abortions. In another 
experiment, these investigators found that interval to parturition in cows exposed to pine needles 
was not affected by protein level of the diet or having ad libitum access to a salt-sulfur block 
(Short et aI., 1994). 
Pine needles contain high levels of condensed tannins (Adams et aI., 1992; Pfister et aI., 
1992). These compounds can increase the amounts of ingested protein escaping ruminal 
degradation, and increase amino acid absorption by ruminants (Waghorn et aI., 1987; McNabb 
et aI., 1993). Cattle that consumed oat hay ad libitum, 2.2 lb of soybean meal, 2.7 lb of molasses 
and 1.1 lb of ground air-dried Ponderosa pine needles had elevated serum levels of many 
essential amino acids compared to control cattle that ingested the same daily diet except no pine 
needles (Kronberg and Short, 1997). In a winter pen trial recently conducted in Montana, 
individual intake of Ponderosa pine needles by late-term cows was measured (Kronberg et aI., 
unpublished data). Four groups of cows were supplemented daily with one of the following diets 
developed with NRC (1996) models: 1) high levels ofruminally degradable and escape protein, 
or 2) high levels of energy, or 3) high levels of ruminally degradable and escape protein and 
energy, or 4) low levels ofruminally degradable and escape protein and energy (control). These 
cows were penned individually from about 0800 to 1700 and had ad libitum access to water, 
trace-mineralized salt, Ponderosa pine needles (6.6% CP, 51 % NDF and 42% ADF) and barley 
straw (4.8% CP, 74% NDF and 48% ADF; which is similar in nutritional quality to standing 
dead grass in winter) during these hours. They were offered their supplement between 0830 and 
1000 and cleaned it up quickly. Between 1700 and 0800 they had access to everything but pine 
needles. Mean daily pine needle intake for the last seven days of gestation was low (.3 Ibid), and 
did not differ statistically among the four groups of cows. Cattle may derive some benefit from 
consuming smaller amounts of Ponderosa pine needles, but we have no evidence to support the 
hypothesis that they consume them to improve their nutritional status. In fact, average pine 
needle intake of cows consuming the supplements with high levels of degradable and escape 
protein was numerically greater than that of the cows consuming the high energy or low protein 
and low energy supplements. Mean daily temperature was at or near 40° F for all but 4 days of 
the 26-day trial (March 10th to April 4th). This may help explain the low intake of pine needles. 
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Ned Westphal, a rancher in the Black Hills of South Dakota, has observed that late-term 
cows fed alfalfa hay tend to eat more Ponderosa pine needles than cows fed grass hay. He also 
found that his incidence of abortion decreased dramatically after he began to feed his cows grass 
hay in the afternoon (instead of the morning) and offered then natural protein/molasses lick tubs 
that they had access to during the day and night. Presumably, their abortion rate has dropped 
because his management changes have led to a large decline in pine needle ingestion by his 
cows. Also, when Westphal offered his cows protein blocks that they consumed quickly, he had 
an unusually high number of cows abort their calves probably because they ate pine needles after 
consuming the protein blocks. One plausible explanation for Westphal's experiences and results 
from several experiments may be related to high protein ingestion, resulting in mild ammonia 
toxicity and subsequent feeding behavior alteration by cattle to prevent the negative 
consequences of mild ammonia toxicity. 
The protein and other nitrogenous compounds in cattle feed is largely converted to ammonia 
by microbes in the rumen. Then, ammonia is used by many rumen microbial species as a 
nitrogen source for their protein synthesis (for maintenance and cell division). Optimal 
microbial protein yield results from different ruminal ammonia concentrations (e.g., 20 to 235 
mg/l of rumen fluid) depending on the type of diet that is fermented (Orskov, 1992). However, 
Webb et al. (1972) found that cattle typically suffered severe ammonia toxicity when blood 
ammonia-N concentration exceeded 0.7 to 0.8 mg/l00 ml. These concentrations were reached 
with rumen ammonia-N concentration between 80 to 100 mg/l00 ml when ruminal pH was 
above 7, and between 160 and 277 mg/l00 ml when ruminal pH was between 6.5 and 6.7. 
Lower pH is associated with slower ammonia absorption into the blood because at lower pH 
more ammonia is ionized to the ammonia ion (NH4) and much less ofthis is absorbed through 
the rumen wall than is the non-ionized form (Webb et aI., 1972; Owens and Zinn, 1988). 
Moderate ammonia toxicity can also occur with reduced feed intake and diminished absorption 
of intermediary metabolites (because of damaged intestinal tissue) attributed to this level of 
ammonia intoxification (Visek, 1968; Kertz et aI., 1980). Ruminal microbes can quickly convert 
urea to ammonia, and Kertz et aI. (1980) observed depressed feed intakes and elevated ruminal 
ammonia concentration (ca. 26 and 107 mg ammonia/l00 ml before and after feeding, 
respectively) for cows consuming diets containing 1 or 2.5% urea. They described the feeding 
behavior of a cow that they suspected was suffering from sublethal ammonia toxicity and that 
appeared to detect when a urea-containing diet was replaced with a diet lacking urea. In the first 
20 minutes of the test, her intake of a 2.5% urea containing diet was 5.9 lb (.15 lb of urea). 
During the next 5 minutes, her intake of this diet was only .4 lb. Then, this diet was quickly 
replaced with one without urea and her intake for the final 5 minutes of the test increased to 4.3 
lb. 
We have new evidence that ruminants can learn to prefer foods or fluids that rectify digestive 
disorders like acidosis (Phy and Provenza, 1995). As stated earlier, Ponderosa pine needles 
contain high levels of condensed tannins and these tannins bind with plant protein and prevent 
ruminal microbes from converting it to ammonia. Thus, cattle that have ingested high levels of 
protein may at times ingest pine needles in order to reduce negative feedback they may receive 
from mild to moderate ammonia toxicity. We intend to test this hypothesis in the near future. 
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SUMMARY 
Cattle probably consume Ponderosa pine needles for several reasons, and the reason(s) 
probably differ among ranches. Pine needle ingestion by late-term cows may possibly be 
reduced by avoiding the feeding of forages or concentrates that contain high levels of crude 
protein (e.g., good quality alfalfa hay and supplements with considerable amounts of ruminally 
degradable protein like soybean meal). However, ample availability of dormant pasture 
vegetation, stra\y, and grass hay for late-term cows seems desirable and may reduce their 
motivation to ingest pine needles. Providing cows with alternative sources of nutrients to ingest 
like the protein/molasses tubs that Westphal uses may help occupy their feeding time and satisfy 
their desire to consume a variety of nutrients thus reduce the time available and possibly their 
motivation for eating pine needles. Feeding in the afternoon also may be beneficial for reducing 
pine needle consumption. 
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Introduction 
Synchronization of estrus involves methods of manipulating the estrous cycle of 
females within a herd so they express estrus at approximately the same time. There are 
several traditional protocols available for synchronizing estrus (heat) among beef cows. 
Traditional protocols include one or two prostaglandin protocols, the MGAlprostaglandin 
protocol and the Syncro-Mate B protocol. None of these methods have been universally 
adopted because none are able to satisfy all situations. There are also a couple of new 
protocols that have been developed within the last 2 years that have resulted in higher success 
than traditional protocols. These new protocols include the use of prostaglandin and GnRH 
(Gonadotropin Releasing Hormone). The intent of this article is to familiarize the reader with 
estrous synchronization, review the traditional protocols that are available, and introduce the 
new protocols for synchronization of estrus. 
Estrous synchronization is a useful part of an artificial insemination program because 
checking for estrus in breeding animals, particularly under range conditions, is time consuming 
and expensive. Synchronization of estrus allows a producer to schedule labor for the 
appropriate time during the breeding and calving seasons. Synchronization should result in 
calves being born earlier in the calving season and thus, older, heavier and more uniform 
calves at weaning. Cows that calve earlier in the calving season have more time to recover 
before the start of the subsequent breeding season and thus, are more likely to be exhibiting 
estrous cycles (cycling) at the start of breeding. Increasing the number of cows cycling at the 
onset of breeding may translate to higher pregnancy rates and lower heifer replacement rates. 
The net results of an estrous synchronization program should provide an economic edge to the 
cow/calf producer by improving herd quality, calf crop uniformity and potentially lower 
annual production costs. 
The success of the estrous synchronization program could depend upon a producer's 
understanding of how it works. Success may also depend upon the number of cows that are 
cycling when the protocol is initiated. Within any herd of cows, some of the cows will 
generally be anestrus at the start of the estrous synchronization treatment. Unless the proper 
estrous synchronization protocol is chosen, these cows have no chance of responding. The 
ability of individual estrous synchronization protocols to induce estrous cycles in anestrous 
cows is mentioned below. Regardless of the estrous synchronization protocol chosen, cows 
should be at least 30 - 40 days since calving at the initiation of treatment. 
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Understanding the Estrous Cycle 
A review of the estrous cycle in a cow (normally, a 21-day period; Figure 1) might be 
helpful. On day 0 or 21 of the estrous cycle, the female is in heat, and one of her ovaries has 
a blister-like structure called a follicle that contains a mature egg. This follicle is producing 
high levels of estrogen that cause the cow to display behavioral signs of heat. On day 1, 
approximately 28 hours after the onset of heat, the dominant follicle ruptures. The egg is 
released and enters the oviduct, where fertilization may occur. The fertilized (embryo) or 
unfertilized egg will travel through the oviduct to the uterus, where it may implant and 
develop into a calf. With the release of the egg from the ovary, cells of the ruptured follicle 
transform (luteinize) and become luteal cells which grow and divide over the next 5 days, 
filling the follicular cavity on the ovary to form a structure called the CL (corpus luteum). 
The CL produces progesterone, which prepares the uterus for pregnancy and is necessary to 
maintain the pregnancy. Note that progesterone levels gradually rise from day 1 to 5 (Figure 
1). Progesterone also blocks the release of hormones (including GnRH, luteinizing hormone 
(LH) and follicle stimulating hormone (FSH)) that allow final maturation of new follicles on 
the ovaries. If an embryo is not present in the uterus on day 17 of the estrous cycle, the 
uterus produces a hormone called prostaglandin, which destroys the CL, decreasing 
progesterone levels. Low progesterone levels allow GnRH, FSH & LH to increase, and 
stimulate follicles on the ovaries to develop and mature. One follicle becomes dominant and 
will eventually ovulate while the others begin to die. The dominant follicle produces 
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Figure 1. Illustration of the estrous cycle of a cow and groups 
of cows(based on response to synchronization) within a herd. 
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In a herd of non-pregnant cattle, cows will be at various days of their estrous cycles or 
anestrus (not cycling). Under normal conditions, approximately 5 percent of the cyclic cows 
will be in heat on any given day. Cyclic cows may be grouped into one of three categories for 
their response to synchronization (Figure 1). Because the CL is present from day 6 of the 
estrous cycle until day 17 or 18, approximately 60% of cows that are cycling will have a CL 
on their ovaries at anyone time (group 2). The remainder will be developing new CL's 
(group 1; days 1 - 5) or regressing old CL's (group 3; days 18 - 21). The final group of cows 
within a herd would include anestrous cows (group 4). Estrous synchronization products are 
designed to bring all the females within a herd into heat at approximately the same time. 
Estrous Synchronization Protocols 
Synchronization of estrus became feasible in commercial herds when prostaglandins 
became available. Prostaglandins regulate a female's estrous cycle by causing "luteolysis" or 
regression of the CL An injection of a synthetic prostaglandin (commercial names: Bovilene, 
Estrumate, or Lutalyse) will mimic natural prostaglandin release and will cause CL regression. 
Prostaglandin eliminates the progesterone block to allow increased follicular growth and 
estrogen production. Cows with a CL on their ovaries when they receive an injection of 
prostaglandin will usually exhibit heat 2 to 5 days later. Thus, cows must be in a certain phase 
of the estrous cycle before prostaglandins will work (group 2; Figure 1). Prostaglandins will 
not affect an immature CL (group 1 cows; Figure 1) nor will they affect cows after the CL has 
already started to regress (group 3 cows; Figure 1). However, cows that are between day 
17-20 of their estrous cycle are coming into heat over the next 1-4 days anyway, so an 
injection of prostaglandin makes these cows appear to respond to the injection. In the average 
herd, it is estimated that less than 80% of cows are cycling at the onset of the breeding season. 
Animals that are not cycling (group 4 cows) will not respond to an injection of prostaglandin. 
If prostaglandin products are to be used to synchronize estrus, it is necessary to 
manipulate estrous cycles so that the majority of cows will have a mature CL, that is 
susceptible to regression by prostaglandin. There are four prostaglandin programs being used 
to synchronize estrus in cattle. Two of these programs require two injections of prostaglandin 
and two require just one injection. 
One Injection of Prostaglandin with Breeding after the Injection 
Inject all cows and check heat and breed all cows 12 hours after standing heat (Figure 
2). With a single injection of prostaglandin, -75% of the cycling cows would be expected to 
display heat (group 2 and 3 cows) during the next 4 - 5 days. Because most herds include 
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Figure 2. One injection prostaglandin protocol with breeding 
after the injection. 
Two Injection Prostaglandin Programs (Figure 3) 
The two injection programs for synchronization with prostaglandin allow breeding 
after each prostaglandin injection (program 1) or only after the second injection (program 2). 
An injection of prostaglandin (Bovilene, Estrumate, or Lutalyse) is given to all cows. After 
one injection, - 75 % of the cycling females should be in heat during the next 5 days. Females 
that are detected in heat can be bred 12 hours after being detected in standing heat (program 
1, Figure 3). The animals that are not detected in heat and bred after the first injection should 
receive a second prostaglandin injection 11-14 days later and be bred 12 hours after they 
display standing heat (program 2, Figure 3). When breeding cows after each injection, be sure 
not to give prostaglandin to cows that have already been breed. Traditionally, the second 
injection of prostaglandin was administered at 11 days following the first injection. However, 
recent data suggests that administering the second injection 14 days after the first injection 
yields a greater response. Two injections should theoretically synchronize estrus in most 
cycling cows within 2 to 5 days after the second injection. For some reason, however, a small 
percentage of cows that display heat after the first injection, fail to display heat after the 
second injection. Synchronization responses of70-80% of cows within a herd are common 
with this protocol, but are highly variable depending on the number of anestrous cows in the 
herd. Timed insemination with this protocol is too risky and is not recommended. 
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Figure 3. Two injection prostaglandin protocols with breeding 
after each injection (program 1 only) or only after the second 
injection (program 2). 
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One Injection with 10 Days of Breeding 
Heat check and breed all cows in standing heat for the first five days of the breeding 
season. Inject all cows not previously bred at the end of day 5 and breed 12 hours after 
standing heat (Figure 4). By breeding for 5 days, none of the cows that receive the 
prostaglandin injection will be between day 1-5 of their estrous cycle. Thus, all cows that are 
cycling should display estrus within 5 days after the prostaglandin injection. This is the most 
popular protocol that uses only prostaglandin to synchronize estrus, and can result in greater 
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Figure 4. One injection prostaglandin protocol with 10 days of 
breeding. 
MGAJProstaglandin 
A low cost system for estrous synchronization uses Melengestrol Acetate (MGA) and 
prostaglandin (Figure 5). MGA is a progesterone-like feed additive that suppresses estrus and 
is widely used in feedlot heifers. In this estrous synchronization procedure, MGA is fed at .5 
mg/headlday for 14 days. Feeding MGA for 14 days allows cyclic cows to proceed to day 18 
- 19 of their cycle on their own, but holds them at that stage until the MGA is removed from 
their feed. Group 2 and 3 females and some group 4 females (Figure 1) will exhibit estrus 2 to 
5 days after withdrawal of the MGA. This is a subfertile heat and females should not be bred. 
These females will ovulate an aged (and generally less fertile) egg and form a new CL. A 
single injection of prostaglandin administered 17 days after the MGA has been withdrawn will 
regress the CL of the next estrous cycle. Most females will show estrus 48 to 72 hours after 
this prostaglandin injection. Cows should be bred 12 hours after standing estrus. This 
protocol is capable of inducing estrous cycles in some females that are not yet cycling. Mass 
mating all females or those that have not yet displayed heat at 72 hours (heifers) or 80 hours 
(cows) after the prostaglandin injection results in acceptable pregnancy rates. Care must be 
taken with this protocol to make sure all females consume MGA daily during its feeding. This 
method is used in heifers more than cows because it takes 31 days to administer and most 

















Figure 5. MGA I prostaglandin protocol that was developed 
primarily for heifers. 
Syncro-Mate B Program 
Estrous synchronization using Syncro-Mate B consists of administering an injection 
and an ear implant on day 0 that is removed on day 9 (Figure 6). After removing the implant, 
cows are observed for standing heat and bred 12 hours later or time inseminated at 48 -54 
hours after implant removal. The ear implant contains norgestomet (a progesterone-like 
compound) and is placed subcutaneously on the backside of the ear. Before inserting the 
implant, it is helpful to clip the hair on the back of the ear, and disinfected the implant site. 
The implant contains a synthetic form of progesterone called norgestomet. At the time the 
implant is being inserted, the animal is given an intramuscular injection that contains estradiol 
valerate and norgestomet. The norgestomet from the injection immediately blocks the release 
of hormones that cause ovulation and prevents females from displaying estrus. Release of 
norgestomet from the implant prevents estrus and ovulation over the next 9 days. The 
estradiol valerate in the injection remains in the blood for about 5 days and causes regression 
of the mature CL's and any new CL's that mature during these 5 days. Together, the 
estradiol valerate and norgestomet cause luteolysis and advance all cows to approximately day 
19 of their estrous cycle and hold them there until the implant is removed. On day 9, when 
the norgestomet implant (progesterone block) is removed, cycling returns with the release of 
hormones which stimulate follicular growth and estrogen secretion, and cows generally exhibit 
estrus within the next 5 days. Syncro-Mate B also induces estrous cycles in some anestrous 
cows. Thus, cows in groups 1 - 4 respond fairly well to Syncro-Mate B. One word of 
caution however; there is data that suggests cows in thin body condition may not respond well 
to Syncro-Mate B. 
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Figure 6. Syncro-Mate B protocol with breeding by detecting 
heat or breeding at a predetermined time regardless of estrus. 
There are three options for insemination using the Syncro-Mate B program: 
1. All animals are mass inseminated at a predetermined time. Cows should be inseminated 
between 48 and 54 hours after implant removal without regard to time of heat. 
2. Animals are inseminated 12 hours after first observation of standing heat. This results 
in better conception rates because the timing for insemination is more accurate and 
because non-responding cows are not inseminated. 
3. A combination of the above two methods. Inseminate cows that show estrus before 48 
hours by the am-pm rule and mass mate non-responding cows at 48-54 hours after 
implant removal. Mass mating at this time can result in pregnancy in about 30 percent 
of non-responding animals. 
GnRHIProstaglandin (Select Syncb) Protocol 
A new method for synchronizing estrus in beef cows is to administer a GnRH injection 
followed one week later by an injection of prostaglandin (Figure 7). All animals are observed 
for signs of estrus for 5 days following the prostaglandin injection and inseminated 12 hours 
after standing estrus is observed. This protocol has also been referred to as the Select Synch 
protocol. The GnRH injection results in ovulation of a dominant follicle and formation of a 
new CL. The GnRH injection also initiates development of a new follicle that will produce 
estrogen and ovulate following the prostaglandin injection. This protocol will initiate estrous 
cycles in some anestrous cows. Thus, most group 1 - 4 cows (Figure 1) will respond to this 
protocol. Some cows (-8 %) will exhibit estrus up to 36 hours before the prostaglandin 
injection, but the peak estrous response will be 2-3 days after the prostaglandin injection. 
These early heats are fertile heats and cows should be bred 12 hours later. The prostaglandin 
injection is not necessary in cows that have already exhibited estrus, but will not cause any 
harm, either. Timed insemination is not recommended for this protocol. The major benefits 
of the Select Synch protocol are the simplicity of the program and the ability to induce fertile 
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Figure 7. Select Synch protocol with breeding by detecting heat. 
A slight variation to the Select Synch protocol involves administering the GnRH 
injection on day 0, prostaglandin on day 7, and a second GnRH injection 48 hours after the 
prostaglandin injection coupled with mass mating (CO-Synch; Figure 8). This second GnRH 
injection initiates a fertile ovulation in cows that have not yet exhibited estrus. The CO-Synch 
protocol makes heat detection unnecessary and yields pregnancy rates similar to breeding after 
detecting estrus. Higher pregnancy rates might be obtained by breeding cows that show 
estrus prior to day 9 and mass mating remaining cows on day 9 with the second injection of 
GnRH. The 48 hour time period may be critical, as waiting until day 10 to give the second 
GnRH injection coupled with mass mating results in poor pregnancy rates. 
GnRH Prostaglandin GnRH 
Injection Injection Injection 
t t t 
I I I • 
0 Day 7 9 t 
Time 
Breed 
Figure 8. CO-Synch protocol with timed breeding at 48 hours 
following the prostaglandin injection. 
General Considerations 
F or any estrous synchronization program to be successful, a high percentage of the 
females need to be exhibiting estrous cycles before the breeding season begins. An estrous 
synchronization program will not enhance overall pregnancy rates, increase conception, nor 
improve reproductive performance in noncycling or subfertile cattle, particularly when poor 
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management is responsible for the condition of the cattle. The MGNProstaglandin, Syncro-
Mate B, Select Synch, and CO-Synch protocols are probably only capable of inducing estrous 
cycles in cows that are close to starting to cycle on their own. 
There is some evidence that 48 hour calf removal with the Syncro-Mate B protocol 
(initiated at the time of implant removal) results in higher pregnancy rates. Preliminary data 
from our laboratory using 48 hour calf removal with the CO-Synch protocol (from the time of 
prostaglandin injection until the 2nd GnRH injection and mass mating) has also revealed a 10 
% increase in pregnancy rates. Calf removal for 48 hours has no detrimental effects on overall 
calf performance as long as calves are provided a clean environment with clean water and 
good quality grass hay during the time they are separated. Calf removal may actually facilitate 
cattle handling, because it prevents the need to sort off pairs when the cows is in heat and 
prevents sorting calves again for mass mating. 
A successful program requires: (1) normally cycling cattle that are individually 
identified; (2) healthy animals that are free from disease and on a good nutrition program: 3) a 
willingness by producers to learn how to use the product and program; (4) availability of a 
qualified inseminator; (5) high quality semen; (6) a working facility with a small crowding 
corral, a holding alley, and a breeding chute; (7) accurate and thorough detection of estrus; 
and (8) accurate record keeping. 
Heat Detection 
Poor heat detection is often the cause of poor responses to synchronization. It is 
vitally important to an estrous synchronization program to observe cows closely during the 
synchronized period. Cows should be observed for a minimum of one hour in the early 
morning, around mid-day, and in the late evening. Stormy weather is known for suppressing 
estrous activity, so it is even more important to spend additional time with cows during these 
times. Heat detection pastures should have enough grass and water to support cattle during 
the time of detection and breeding. The size of the holding pastures is determined by the size 
of the herd, but pastures should not be so large that animals cannot be readily observed. It is 
beneficial to remove cows that are in estrus from the rest of the herd as soon as they are 
detected in estrtus because it allows submissive cows to be detected in estrus more easily. 
Will It Pay to Synchronize Estrus? 
A single dose of prostaglandin, GnRH and Syncro-Mate cost about $2.50, $3.50, and 
$6.00, respectively. Thus, the cost of the two injection prostaglandin protocol, Select Synch, 
and CO-Synch systems are about $5.00, $6.00, and $9.50, respectively. Added to these costs 
are the expenditures for semen, the inseminator, and labor required to make the program run 
successfully. In most estrous synchronization programs, cattle go through a chute three times, 
including breeding. Therefore, the producer needs to determine what the actual costs will be 
before a program is initiated. A comparison of estrous synchronization programs using AI is 
listed in Table 1. These costs are based on the estimated pregnancy rates shown in the first 
column. Lower pregnancy rates than those listed will increase the cost per pregnancy. 
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Depending upon the program, AI or cleanup bulls are desirable to achieve conception rates of 
90 percent or better during the breeding season. 
One thing that every producer should realize is that an estrous synchronization and 
breeding program is like a chain. It is only as good as its weakest lime Thus it is important to 
pay attention to all aspects of the program. It is evident that good management often makes 
the difference between success and failure. 
Table 1. Comparison of estrous synchronization programs using AI. 
Program 
Prostaglandin: 
One injection of prostaglandin (1 O-day breeding) 
One injection of prostaglandin with heat detection 
Two injections with breeding after each injection 
Two injections with breeding after the 2nd injection 
Syncro-mate B: 
With heat detection 
Without heat detection (mass AI) 
MGAlProstaglandin: 
With heat detection 
Without heat detection (mass AI) 
Select Synch: 
CO-Synch (mass AI): 






























* Pregnancy rate is defined as the number of pregnant females divided by the number of 
females that received the synchronization treatment. These costs can be compared to $32 for 
natural service without synchronization. 
** Preliminary data in 2 herds revealed that 48 hour calf removal (from prostaglandin 
injection until the 2nd GnRH injection) can increase pregnancy rates 10 %. 
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Introduction: 
Proceedings, The Range Beef Cow Symposium XV 
December 9. 10 and 11. 1997, Rapid City. South Dakota 
"Bull Fertility: BSE, Abnormalities, Etc." 
Glenn H. Coulter 
Livestock Sciences Section 
Lethbridge Research Centre 
Lethbridge, Alberta 
Unlike the dairy breeder or feedlot operator, the beef breeder derives their entire income from 
calves born into the herd, making fertility unquestionably the most important trait to be 
considered in a breeding program. Economically, reproductive merit is 5 times more 
important to the cow-calf producer than growth performance and 10 times more important 
than product quality (e.g. carcass quality)20, at least until value based marketing becomes a 
reality. These figures refer to the relative importance of these traits for the beef herd in total 
and are further magnified when discussing the bull component alone as a result of the male to 
female ratio at breeding. This is adequate justification to place much greater emphasis on the 
fertili ty 0 f the beef bull. 
Little selection pressure has been placed on the fertility of the world's beef bull popUlation 
and as a result, variation in the reproductive potential of beef bulls is vast. Multiple sire 
breeding, used routinely by commercial breeders, has made it difficult to identify sub-fertile 
sires. Many breeders. whether purebred or commercial, have little. or no information on the 
reproductive status of their bulls, particularly their yearlings. Estimates of the proportion of 
unselected beef bulls in North America that are deficient reproductively range from 20 to 
40%. Many more are barely adequate. Few breeders have bull batteries capable of 
impregnating all females under moderate to heavy breeding pressure in a 45-day breeding 
season. Achieving this is essential if a 365-day calving interval is to be maintained. 
Breeding Soundness Evaluation: 
Four aspects of a beef bull must be evaluated to determine its reproductive potential. These 
include: 1) testicular and scrotal development; 2) ability to physically breed females: 3) 
seminal quality; and 4) bull reproductive behaviour. Each is of equal importance and all 
must be adequate before normal fertility can be expected. 
1. Testicular and Scrotal Development 
The first activity that must be carried out in conducting an evaluation of testicular and scrotal 
development is a thorough palpation of scrotal contents to ensure that they are normal. First. 
one must make sure that the testes are not in any way adhered to the scrotum. For the testes 
and scrotum to function normally. the testes must be free and able to move unimpaired within 
the scrotum to facilitate thermoregulation. This can be checked by palpating the testes upward 
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within the scrotum to\vard the abdominal wall. Adhesions between the testes and scrotum 
may result from physical injury, or moderate to severe scrotal frost bite. Testes should be 
uniform in size. Any significant asymmetry in testicular size is a good indication of potential 
problems. 
Testes should be uniform in consistency, both between the testes, and from the dorsal to the 
ventral pole of each testis. Testicular consistency should be firm, but not hard. The normal 
testis is a resilient organ that when compressed and released will spring back to its original 
form. Testes should be neither mushy, nor feel as if they are soft on the surface and have a 
hard core. Both hard and soft spots on a testis should be noted. Soft testicular consistency is 
indicative of testicular degeneration and is often related to reduced sperm production, poor 
seminal quality and subfertility or sterility!8. 
Testicular size or the amount of sperm producing tissue is estimated through the use of a 
scrotal circumference eSC) measurement which is highly correlated to paired testis weights. 
Thus the SC measurement can be used to predict accurately the amount of potential sperm-
producing tissue within the testes. 
The technique! recommended for taking scrotal circumference measurements by the Society 
for Theriogenology (American Veterinary Society for the Study of Breeding Soundness) is as 
follows: First the testes are palpated firmly into the lower part of the scrotum so they are side 
by side and scrotal wrinkles that might inflate the measurement are eliminated. This is of 
particular importance in coo I weather [ambient temperature below 10°C (5 O°F)] if accurate 
results are to be obtained. If below O°C (32°F), bulls should be evaluated in a warmer 
environment. Second, the thumb and fingers of one hand are placed on the sides of the 
scrotum cradling the testes rather than grasping either the front and back, or neck of the 
scrotum. The latter two techniques of stabilizing the testes-scrotum introduce error. Third, 
the looped scrotal tape is slipped up over the testes-scrotum and contracted around the largest 
circumference. Moderate tensioG is placed on a sliding tape with the thumb until moderate 
resistance is provided by the testes-scrotum. Little compression of the testes-scrotum will 
occur in bulls with normal testes, while in bulls having a thick, fat scrotum and/or soft testes, 
compression may be substantial. Firm testes having good tone and resiliency are most 
desirable. Fourth, the circumference is read. Once a reading has been obtained, the procedure 
is repeated to confirm the result. 
The largest source of variation among individuals taking SC measurements is the amount of 
tension placed on the conventional SC measuring tape. "Moderate tension" is interpreted 
differently by different operators. The Coulter Scrotal Tape (Trueman Mfg" Edmonton. AB) 
was invented (U.S. Patent 5193287) by the author to minimize this source of error. A spring 
within the handle of the tape provides exactly the same amount of tension every time a SC 
measurement is taken, regardless of the operator. The Tape is applied in a similar fashion to 
conventional SC measuring tapes. First, the testes are palpated down into the bottom of the 
scrotum. Second, the Tape is opened and fixed in place with a button on the side of the 
instrument. Third, the open Tape is slid up over the scrotum to the largest circumference. the 
instrument is pulled slightly toward the operator so that the Tape contacts the anterior aspect 
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of the scrotum, while the testes-scrotum are being steadied by the operator's other hand, the 
button is released, and the Tape is allowed to be pulled slowly and gently toward the posterior 
of the scrotum by the constant tension spring. When the Tape comes to rest, the reading is 
taken. Caution must be exercised not to "snap" the Tape, which will introduce error into the 
measurement and may cause discomfort to the bull. The Tape is again fixed with the button 
and slid off the bottom of the scrotum. The measurement should then be repeated. 
A consistent scrotal circumference measurement technique is essential if comparisons are be 
made among bulls for selection purposes, or if minimum standards are applied as an eligibility 
criterion for bull growth performance test stations or shows. 
Effects of age on SC Bull age is the factor that has the greatest effect on testicular 
development in young bulls from six through thirty-six months of age. Figure 1 illustrates the 
distribution of SC measurements by age in Aberdeen Angus bulls 10. The most-striking aspects 
of this distribution are the very rapid testicular growth in young bulls (6 through 16 months of 
age) and the tremendous range in testes size for bulls of the same age within a breed. Paired 
testes weight in bulls of the same age may vary by as much as 550 g which represents a 
potential sperm production of over 8 billion spermatozoa per day. This pattern of testicular 
development is similar for all breeds. 
Large variation in testicular size of bulls of the same age within a breed, coupled with the high 
heritability of the trait, provides considerable opportunity to improve the testicular size of 
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Figure 1. Distribution of SC by age in Aberdeen Angus bulls. 
Age adjustment of SC Scrotal circumference measurements have been adjusted both on an 
age, and body weight basis. Scrotal circumference measurement is a more accurate predictor 
for establishing when a bull reaches puberty than either age, or body weight regardless of 
breed or breed crossl6. Therefore, SC measurement in yearling beef bulls is essentially a 
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measure of age at puberty. If the primary reason for adjusting SC measurements is to increase 
the accuracy of selection for age at puberty in bulls and the correlated response in age at 
puberty in heifers, then adjustment for age, not weight, would seem appropriate. Furthermore, 
body weight is not purely an environmental effect as it is influenced by genetics3• Published 
age adjustment factors for SC measurements taken upon completion of growth performance 
tests as yearling range from .024 to .026 cmld for Hereford bulls3 13, .028 to .032 cmld for 
nine6 and twelve l7 Bas taurus breeds and .041 cmld for Brangus bulls13. Hereford bulls fed 
high energy diets during growth performance testing require a higher adjustment factor of .032 
cmld3. All adjustment factors are in relatively close agreement. 
Age of dam adjustment of SC Several reports3 13 17 have recommended age of dam 
adjustment factors for SC measurements of yearling beef bulls. Although some differences 
occur among the studies as to the magnitude of the adjustment factor for a particular age of 
dam, there is general agreement that the SC measurement of bulls from two-year-old dams 
require the greatest upward adjustment followed by bulls from three- and four-year-old dams. 
Adjustment factors from one study based on twelve breeds l7 follow in Table 1. These age of 
dam effects may be the result of differences in calf body weight. Age of dam adjustment 
should be added to the SC measurement only after the SC measurement has been adjusted to 
365 days of age. 
Table 1. Age of dam adjustment factors for 
yearling beef bulls (Bas taurus). 
Age of dam 









Recommended minimum SC Recommended minimum SC measurements 1 1 by age and 
breed are outlined in Table 2. While these minimums fall within the guidelines of the Society 
for Theriogenology, Cattlemen selecting herd sires should seriously consider selecting bulls 
having SC measurements substantially greater than the minimums listed. The objective 
should be to select superior bulls, not those barely adequate. Bulls having an SC 
measurement less than these minimums may on occasion produce an acceptable semen 
sample; however. such bulls have limited sperm-producing capacity and would be expected to 
be of unsatisfactory fertility under moderate to heavy breeding pressure. 
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Effect of breed on SC Breed of beef bull also influences testicular developmene 8 II 12 14. 
Table 3 shows the effect of breed on SC for yearling bulls measured upon completion of a 
I40-day, growth-performance test and for two-year-old bulls presented for sale at spring 
show/sales II. Scrotal circumference increases from 2 to 3 cm between one and two years of 
age for most breeds. The difference in SC between yearlings of the extreme breeds 
(Simmental and Limousin) is 5.7 cm. This represents about 194 g of testicular tissue or the 
potential to produce an additional 2.9 billion spermatozoa per day. This example illustrates 
the effect breed can have on testicular size, and consequently sperm production. 
Table 3. Effect of breed on scrotal circumference (cm) of beef bulls: 














No. of circumference 
bulls Mean ± SE 
401 36.0 ±.2 
260 33.9 ±.I 
311 33.7 ± .2 
607 33.I±.I 
614 32.9±.I 
147 32.5 ±.2 
332 32.3 ±.2 
115 30.7 ±.5 
255 30.4 ±.2 




No. of circumference 
bulls Mean ± SE 
543 38.7 ±.1 
630 37.2±.1 
506 36.3 ± .1 
3,769 36.1 ±.O 
2 ........ ,),) 34.9 ±.I 
2,174 35.6±.1 
80 32.1 ± .3 
Effects of SC on seminal quality Studies conducted at the University of Saskatchewan4 
indicate that the probability of a beef bull having satisfactory seminal quality increase as SC 
measurements increase until an SC measurement of about 38.0 em is attained. For example, 
of the 155 bulls having an SC measurement of32.0 em, only 23% were considered to be 
satisfactory while 88% of the 136 bulls with a 38.0 em SC measurement were classified as 
satisfactory. Seminal quality improved little over 38.0 em of Sc. 
Relationship between SC and bull fertility Results from a field trial conducted by the 
Lethbridge Research Centre9 indicate that as SC increased in young beef bulls used for 
multiple-sire, natural service under range conditions, fertility also increased. Scrotal 
circumference made a highly significant, positive contribution to the predictive model. It 
should be emphasized that in this field trial bull age and SC measurement were confounded. 
In general, an increase in bull age is associated with an increase in Sc. The precise effects of 
these two traits on bull fertility is difficult to separate. Although expected bull fertility 
increases with testicular size as measured by SC, the author expresses a note of caution here 
as the effect of selection of bulls with extreme SC on their fertility and that of their progeny is 
unknown. For example, little benefit may be realized in the selection of two-year-old bulls 
with an SC measurement greater than 40.0 or 42.0 cm. This suggested upper limit to SC 
measurement may vary with breed. 
The greatest long-term benefits of using bulls with above average testicular size may come 
from positive carry-over effects to their female progeny. The use of a sire with above average 
testicular size for his age and breed will result in female progeny that reach puberty at a 
younger age, cycle more regularly. and consequently have greater life time productivity. 
Results from a North Carolina studi 9 indicate a high positive genetic correlation between 
bull testicular size and pregnancy rate of female progeny (r = .66). As age at puberty in 
females is favourably associated with subsequent reproduction21 , selection for larger SC 
measurements should improve the reproductive potential of the cow herd. 
Scrotal shape Scrotal shape also has an influence on testicular development and function4• 
There are three basic scrotal shapes in beef bulls. These are the "normal" or "bottle-shaped" 
scrotum, "straight-sided" scrotum, and "wedge-shaped" scrotum. Bulls having a normal 
scrotum with a distinct neck (Figure 2, Bull B)4 generally have the best testicular development 
and function. Testes are located in the scrotum as spermatogenesis only occurs within a 
narrow temperature range several degrees cooler than core body temperature. The testes move 
closer to, or away from, the body wall to compensate for environmental temperature in an 
attempt to maintain this temperature gradient. The normal scrotal configuration permits 
adequate temperature compensation. Often bulls with straight-sided scrotums (Figure 2, Bull 
A) have only moderate testicular size. The straight-sided neck of the scrotum is generally the 
result of fat deposits that may impair proper thermoregulation. As bulls mature and lose 
condition, they will often develop a more normal scrotum. Wedge-shaped scrotums (Figure 2. 
Bull C) are pointed towards the bottom and tend to hold the testes close to the body wall. 
Bulls with this scrotal configuration have undersized testes that seldom produce semen of 
adequate quality or quantity and should be avoided. 
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A B c 
Figure 2. Three scrotal shapes commonly seen in beef bulls are the straight-sided scrotum 
(A). the normal scrotum (B). and the wedge-shaped scrotum (C). Scrotal shapes A and C are 
the least desirable (adapted from Cates, 1975). 
2. Ability to Physically Breed Females 
There are numerous anatomical deficiencies and defects that can prevent or impair a bull from 
effectively breeding females. Good feet and legs are essential if a bull is to travel over 
extensive, rough terrain. Eyesight must be good to assist in the identification of estrous 
females. To discuss all potential anatomical abnormalities and breeding problems is not 
possible here. Instead. I will illustrate the dramatic effect one such defect can have on herd 
fertility. The defect is the spiral deviation of the penis. This defect has received almost no 
consideration in the evaluation of reproductive potential of North American beef bulls. 
However, Australian researchers2 indicate that bulls in 60% of herds examined were affected, 
and that 1 % of horned bulls and 16% of polled bulls had the defect. There is no reason to 
believe the prevalence of the spiral penile deviation would be any less in North America. 
Spiral penile deviations are most often found in bulls 3 to 6 years of age. Five bulls having an 
incidence of the spiral penile deviation of 100, 100, 80. 50. and 0 % of the time had respective 
pregnancy rates of 3, 3. 33, 43 and 87 %. The spiral penile deviation can not be diagnosed at 
the time of electroejaculation. In fact, electroejaculation can induce a similar penile 
configuration that may not occur at all during natural service. Cattlemen must watch the 
breeding activity of their bulls to ensure the absence of this defect. Also. the defect tends to 
be moderately heritable. This is a good example of how the reproductive potential of bulls 
must be examined to improve the probability of using bulls of average to superior fertility. 
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3. Seminal Quality 
Results from semen testing young beef bulls (11 to 13 months of age) should be interpreted 
with caution. Seminal quality in young bulls has been demonstrated to improve, often 
dramatically, for up to 16 weeks following pubertyl5. Puberty will occur at different ages and 
body weights depending on the breed, management, and genotype of the individual bull. A 
scrotal circumference measurement of 26.1 cm at puberty is relatively constant among breeds 
differing widely in age and weight at puberty l6. Cattlemen should be advised to semen test 
their young bulls at 14 to 16 months of age to avoid the potential early culling of a bull that 
may have adequate seminal quality two months later. 
Under field conditions, the seminal sample is usually obtained by electro-ejaculation. Prior to 
electroejaculation, a rectal examination of the bull's internal organs should be performed. This 
also removes faecal material from the rectum ensuring proper contact for the electro ejaculator 
probe. A common problem in young beef bulls that can be diagnosed at this time is seminal 
vesiculitis caused by an infection in one or both seminal vesicles. Vesiculitis results in the 
seminal vesicles becoming enlarged, sometimes two to three times their normal size, and quite 
turgid to the touch. In severe cases, the palpation of the infected seminal vesicles may be 
quite painful to the bull. Some controversy exists as to whether treatment of seminal 
vesiculitis is effective or whether the condition will correct itself in time. Generally, bulls 
with severe seminal vesiculitis can not be recommended for use. Seminal vesiculitis can also 
be detected by the presence of white blood cells in the ejaculate. 
The two most important factors to be examined in the semen are the proportion of 
spermatozoa that are progressively motile and the morphology of the spermatozoa. In the 
field trial referred to earlier9, bull fertility decreased significantly as the number of 
spermatozoa with primary defects increased. In this trial, neither the number of secondary 
defects, nor the proportion of normal acrosomes contributed significantly to the variance in 
bull fertility. A third factor, the concentration of spermatozoa in an ejaculate is difficult to 
assess when the semen sample is collected by electro-ejaculation. 
Positive results from a seminal evaluation, even in yearling bulls indicate a moderate to high 
probability of acceptable fertility, while negative results are not conclusive, particularly if the 
bulls involved are young or sexually rested. Subsequent evaluations of bulls with poor 
seminal quality should be carried out at 3- to 4-week intervals. If the results do not improve, 
the breeder can be quite confident that the bull is infertile and should be culled. Seminal 
evaluations need to be conducted as close to the breeding season as possible. However. the 
breeder must allow enough time to retest bulls if necessary. All bulls should be tested before 
every breeding season as injuries, frost bite, or other problems may have reduced the bull's 
seminal quality since the previous evaluation. 
4. Bull Reproductive Behaviour 
In the author's opinion, this aspect of bull evaluation is in its infancy. The reader is referred 
t05 as a review source. The single most important aspect of reproductive behaviour of beef 
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bulls that must be impressed upon cattlemen is that they must carefully monitor the breeding 
activity of their bulls. The fact that a bull is mounting estous females does not necessarily 
mean that they are being bred. Cattlemen must recognize the differences between mounting, 
copulation and ejaculation. Many do not know the difference, nor do they pay adequate' 
attention. Only careful observation will allow defects such as spiral penile deviations to be 
detected. 
Use of a comprehensive evaluation and selection program for reproductive potential in young 
beef bulls, coupled with optimum management will increase the probability that highly fertile 
sires will be available for natural service in a beef breeding program. 
Strive for fertility first! 
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INTRODUCTION 
Survival of the calf at or shortly after birth can be compromised leading to high death 
losses and a serious impact on net income for the cattle producer. This paper will briefly 
review some findings related to causes of death of the newborn calf. 
Nutrition and Dystocia Corah et al. (1975) reported effects of energy content of the 
gestation diet of the dam on birth weight and calf survival. Dams were placed on control 
diets that met NRC requirements and gestation diets that were isonitrogenous, but which 
supplied 50 or 65% of the NRC recommended levels of energy. Calf birth weights were 
affected by gestation diet, but there was no effect on dystocia incidence or severity. The 
percentage of dams showing estrus by the beginning of the breeding season was reduced as 
was pregnancy rate of the low-energy fed dams. The striking result of these studies was the 
diet effect on calf survival. One hundred percent of the calves from dams receiving adequate 
energy were alive at birth compared to 90% for calves from the low fed dams. At weaning, 
100% of the calves from the adequate energy dams were alive compared to 71 % from the 
energy deficient dams. The major cause of death loss from birth to weaning was scours, with 
a death loss of 19% due to this factor. 
Bull et al. (1979) reported that cows maintained on diets deficient in crude protein 
produced calves that exhibited symptoms typical of Weak Calf Syndrome. Carstens et al. 
(1987) used heifers pregnant with single demi-embryos assigned to isocaloric gestation diets 
containing 91 or 55% of the NRC recommended crude protein allowance. Calves were 
placed in a metabolic chamber at 5 hours of age for 8 hours. Calves born to heifers that 
received the protein-restricted diets had 11.4% lower heat production than calves born to 
dams on the adequate protein diet. These findings extend those of Bull et aI. (1979) and 
emphasize that inadequate protein intake during gestation can potentially result in calves 
more susceptible to cold stress. 
Carstens' work was followed with studies of diet energy content and body condition 
lThis research was conducted under a cooperative agreement between USDA, ARS and the 
Montana Agric. Exp. Sta. Mention of a proprietary product does not constitute a guarantee or 
warranty of the product by USDA, Montana Agric. Exp. Sta. or the authors and does not imply its 
approval to the exclusion of other products that may also be suitable. USDA, Agricultural Research 
Service, Northern Plains Area, is an equal opportunity/affinnative action employer and all agency 
services are available without discrimination. Portions of this work have been reported in Pro-
ceedings 49th Ann. Conv. Canadian Vet. Med. Assoc., 1997. 
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of the dam on calf birth weight and the thennogenic ability of the calf. Ridder et a!. (1991) 
used heifers pregnant with demi-embryos assigned to isonitrogenous gestation diets 
containing 100% or 70% decreasing to 40% NRC recommended energy allowance for the 
last 90 days of gestation. Calves were removed from the dam at birth and placed in a 
metabolic chamber to detennine heat production. Heifer body weights and condition scores 
of the restricted heifers were lower as were calf birth weights from the energy-restricted 
dams. Heat production was lower for calves born to energy-restricted dams whether 
expressed as total heat produced or on a body size basis. Heifers with body condition scores 
of 5 or 6 had larger calves and their calves had higher heat production than calves from dams 
with condition scores of 4. Interval to calf standing, calving ease, and duration of Stage 2 of 
labor were not affected by ration energy content or body condition of the dam. They 
concluded that calves born to energy deficient dams may be more susceptible to cold stress. 
Effects of gestation diet of the dam or dystocia on colostrum quantity and quality is 
not as clear. Ridder et a!. (1991) reported energy content of the gestation diet had no 
significant effect on colostrum volume. Perino et a!. (1995) found calves born to dams that 
experienced dystocia had numerically lower average plasma protein and immunoglobulin 
(IgG) concentrations than did calves born to dams experiencing nonnal parturition. 
Numerous studies have shown dystocia results in delay of standing by the dam and calf and 
suckling by the calf. The effects of diet and dystocia on antibody concentrations in the 
neonate may be a result of the time elapsing from birth to actual intake of colostrum as 
reported by Vennorel et a!. (1989). 
Anoxia. Dufty and Sloss (1977) studied the response of fetuses to anoxia by clamp-
ing the umbilical cord for 4,6, or 8 minutes immediately before delivery. Four of six fetuses 
subjected to 4 minutes of anoxia survived whereas all others died when anoxia was 6 or 8 
minutes duration. Clamping of the umbilicus resulted in fetal movement, release of 
meconium and changes in blood gases. Death occurred just before or soon after delivery. 
Calves that experienced anoxia and that survived delivery exhibited symptoms typical of 
Weak Calf Syndrome and tetanic spasms. 
Vennorel et a!. (1989) found heat production in dystocial calves was 22% and 13% 
lower at 2 and 13 hr after birth, respectively. Rectal temperatures of dystocial calves was 
decreased by an average of 5.2 0 F and increased slowly. 
Recent studies at Colorado State University (Adams et a!., 1995) have shown that 
dystocia, associated with varying degrees of fetal asphyxia resulted in major effects on 
immediate postnatal well being of the calf. Dystocial calves took 58 minutes longer to stand 
and 78 minutes longer to begin nursing than no-dystocia calves. Dystocial calves had 
elevated plasma lactate concentrations, depressed plasma glucose levels, but did not have 
reduced IgG and IgM concentrations at 48 hrs of age. This latter finding is in contrast to 
results of studies reported by Odde (1988) and others who found reduced antibody titers in 
calves that experienced dystocia. This result may have been masked in this study by the 
close supervision and assistance given the calves immediately following birth. 
The similarity of these findings emphasize the importance of meeting nutrient needs 
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of the dam during gestation. Deficiencies have a marked effect on calf viability and post-
partum reproduction of the dam. This is also true regarding effects of dystocia. Reducing 
effects of prolonged labor will not only increase calf survival, but will improve subsequent 
rebreeding of the dam. 
Thermogenesis: Young (1983) reviewed the effects of cold stress in ruminants and 
concluded that failure to produce enough heat can obviously be fatal, but more often cold 
stress leads to the development of secondary changes and possibly disease. At parturition the 
calf moves from the controlled, warm uterine environment to the often-times hostile external 
environment. This transition necessitates many physiological actions to maintain normal 
body temperature (homeothermy) especially in seasonal environments typical of cattle pro-
duction in northern regions. Climatic conditions affect neonatal survival and at low environ-
mental temperatures mortality increases (Azzam et aI., 1993). Patterson et al. (1987) found 
total neonatal mortality to range from approximately 4 to 13%. Mortality averaged 7% an-
nually, with cold, wet weather being a major factor causing yearly variation in mortality rate. 
Himms-Hagen (1990) and Carstens (1994) have reviewed thermal regulatory 
physiology in the newborn calf. The ability of the neonate to maintain normal core body 
temperature is a function of its ability to produce enough heat to balance the loss of heat by 
evaporative and nonevaporative heat losses. Nonevaporative heat loss involves flow of heat 
across temperature gradients from the metabolic heat sources in the animal to the environ-
ment by radiation, convection, and conduction. Evaporative heat loss occurs as water 
evaporates from the skin and respiratory tract surfaces. Evaporative heat losses are generally 
considered minimal except during wet weather and the immediate postnatal period when 
amniotic fluid is evaporated from the skin and respiratory tract of the neonate. The cold 
lethal limit is the critical ambient temperature below which the calf is unable to generate 
sufficient heat to offset heat loss, is no longer able to maintain thermal balance and hypo-
thermia begins (Figure 1). Prolonged periods of exposure below the cold lethal limit will 
obviously result in death. 
Figure 1. Thermal balance between heat loss and heat gain in neonatal ruminants (from Carstens, 1994). 
Evaporative: 
• cutaneous • basal metabolism 
• respiratory • shivenng thermogenesis 
• nonshivenng thermogenesis 
Innuanced by: Innuanced by: 
• body surface area • body reserves 
• tissue insulation • colostrum intake 
• hair coal/air interface • breed/genetics 
• behavior modification • dystocia 
• environmentaJ factors • environmental factors 
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Production of heat to maintain homeothermy in the neonate is dependent on shivering 
thermogenesis in the muscle and nonshivering thermogenesis in brown adipose tissue (BAT). 
BAT is a specialized organ whose thermogenic capacity is attributed to a unique uncoupling 
protein (UCP) located in the mitochondria. The UCP in BAT "uncouples" mitochondrial 
respiration from oxidative phosphorylation (synthesis of adenosine triphosphate, ATP) 
thereby using energy generated to produce heat (Figure 2). It is estimated approximately 40 
to 50% of the thermogenic response during summit metabolism is attributed to nonshivering 
thermogenesi$ with the balance (approximately 50 to 60%) attributed to shivering 
thermogenesis. 
Figure 2. Mechanisms for brown adipose tissue thermogenesis (based on Himms-Hagen, 1990 and 
Carstens, 1994). 
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The two types of adipose tissue found in the neonatal ruminant are white and BAT. 
The primary function of white adipose tissue is storage and release of fatty acids for use as an 
energy source, while that of BAT is generation of heat through nonshivering thermogenesis. 
The key morphological feature of BAT is the high density of mitochondria, whereas 
mitochondria from white adipose tissue are relatively few in number. The major anatomic 
location of BAT is around the kidneys and appears to be similar in lambs, kids, and calves. 
BAT is extensively vascularized and brown adipocytes and the blood vessels are highly 
innervated by the sympathetic nervous system. The release of norepinephrine (NE) during 
cold exposure stimulates increased blood flow and thermogenesis in BAT. Even though 
BAT accounts for only 1.5-2% of body weight in newborn lambs, it can account for 22% of 
cardiac output and, as pointed out above, 40 to 50% of maximal thermogenesis during cold 
exposure. NE stimulation of BAT thermogenesis activates hormone-sensitive lipase which 
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activates lipolysis to provide free fatty acids for mitochondrial respiration. Thus, NE release 
during sympathetic stimulation plays a critical role in the activation of BAT thennogenesis 
during cold exposure. 
Work in our Laboratory has focused on methodology to increase neonatal calf 
survival. Lammoglia et al. (1997) investigated effects of prepartum supplementation of 
dietary fat on cold tolerance and honnone and metabolite profiles in tenn and premature 
cold-exposed calves. In Study 1, dams received prepartum isocaloric-isonitrogenous diets 
containing 1.7 (basal control) or 4.9% dietary fat (basal plus safflower seeds with 37% oil 
and 80% of the oil was linoleic acid). Diets were fed from day 230 of gestation until par-
turition. At 4 hr of age, calves received jugular cannulae and were placed in a controlled 
temperature room at 32 0 F for 140 minutes. Rectal temperatures and blood samples were 
obtained throughout the cold exposure phase. 
The procedures for Study 2 were similar to Study 1 with diet supplementation begin-
ning on day 235 of gestation. Diets contained 1.5% (basal control) or 3.4% dietary fat (basal 
plus high linoleic safflower seeds). On day 260 of gestation, dams received either 0 or 4.4 lb 
daily of Ponderosa pine needles. Dams receiving pine needles calved within 5 days after 
starting the pine needle feeding resulting in premature calves. Dams not receiving pine need-
les calved nonnally at an average gestation length of 283 days. Calves were placed in a con-
trolled temperature room at 48 0 F for 200 minutes and blood samples and rectal temperatures 
were obtained throughout the time in the cold room. Results are summarized in Figures 3-8. 
Figure 3. Rectal temperature of newborn calves exposed to 3~ F for 140 min and 
born to cows rece;"ing 1.7% (LH) or 4.9% (HF) dietary fat 53 d before 
calving (P < .01). 
102.7 
E 102.5 









a 10 20 30 40 50 50 70 80 go 100 110 120 130 140 
Minutes at 32° F 
(0 - begin cold exposure) 
Figure 5. Rectal temperature of newborn mature and premature calves exposed to 
48 0 F for 200 min and born to cows receNing 1.5% (LF) or 3.4% (HF) dietary fat 
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Figure 4. Rectal temperature of newborn mature and premature calves 
exposed to 4&- F for 200 min (P < .01). 
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Figure 6. Plasma cortisol concentratIOns of newborn mature and premature 
calves exposed to 48° F for 200 min and born to cows receIVing 1.5% lLF) or 
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Figure 7. Plasma glucose concentrations 01 newborn calves exposed to 32G F 
lor 140 mIn and born to cows f8C8fV1flQ 1 7% (LF) or 4.9% (HF) dietary fat 
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Feeding 4.9% dietary fat during the last 53 days of gestation improved cold tolerance 
and increased plasma glucose concentrations in newborn calves. The increase in glucose 
may also be associated with improvement of cold thermogenesis and potentially improved 
neonatal survival. Feeding fat for the last 28 days of gestation in Study 2 did not influence 
cold tolerance in the newborn, premature calf, suggesting there may be a latent time period 
that must be exceeded before effects of supplemental fat can be obtained. 
Additional data were obtained in Study 1. Results are summarized in Table 1. Calf 
birth weights from cows that received the high linoleic safflower diet were increased but 
calving difficulty scores and calf vigor scores were not affected. Pregnancy rates were 
greater in dams that received fat supplementation during gestation. This increase in 
pregnancy rate is of special interest since the dams had not received fat supplementation for 
an average of 55 days before the beginning of the 53 day breeding season which suggests a 
carry over effect on subsequent reproduction of supplemental fat during gestation. 
Table 1. Effects of gestation dietary fat on calf and dam data 
Trait 
Number animal 
A vg. birth wt. (lb) 
Dystocia score 
Calf vigor score 
Pregnancy rate (%) 
tp", .06. 
**P < .01. 














These results are similar to those reported by Williams (1989) and Lammoglia et al. 
(1996) who reported supplementing diets with fat affected hormone profiles, cholesterol 
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concentrations, and ovarian follicular activity. Gambill et al. (1995) reported feeding 10% 
supplemental fat (Alifet) to range beef cows before the breeding season resulted in an 18% 
increase in estrous activity and a 50% increase in pregnancy rate. Alifet contains 27% 
palmitic, 37% stearic, and 31 % oleic fatty acid with a 67%:33% saturated-unsaturated fat 
composition. 
The positive response to fat supplementation may be dependent on the lipid used. 
Anderson et al. (1992) found that fat supplementation starting 30 days prior to estrus 
induction by calf removal had no effect on interval to the induced ovulation or on luteal 
lifespan. Tills work did report an enhanced progesterone production in supplemented cows. 
Oss et al. (1993) found that fat supplementation from the third trimester of gestation through 
the third postpartum estrous cycle had no effect on gestation length, dystocia, calf vigor, or 
birth weight, but did cause longer postpartum intervals to first estrus (+30 days) and extended 
luteal life span. The lipid supplement used in these studies was a commercially available 
rumen escape fat (Megalac, Church and Dwight Co., Inc.) containing 51 % palmitic, 35% 
oleic fatty acid with a 57%:43% saturated-unsaturated fat composition. 
There is obviously much work to be done. Can other fat sources be used, how long 
must fat be fed, what about supplementation before or during the breeding season, what is the 
most economical level, etc.? But we believe the conclusion is justified that fat content, and 
possibly the specific fatty acid composition of the cow's diet is important for both the cow 
and the calf. When rations are formulated we need to be concerned about dietary fat in 
addition to the other nutrients such as protein, energy, vitamins, and minerals. 
Peripartum Temperature Cbanges. Lammoglia et al. (1996) reviewed literature on 
temperature changes in the periparturient dam. A prepartum temperature drop in the dam just 
preceding parturition is common to essentially all mammalian species studied. We are 
following this physiological change in efforts to establish the mechanisms and relate them to 
dystocia and calf survival. Body temperature changes were monitored with electronic 
monitors placed under the muscles of the left flank. Temperatures were transmitted via radio 
telemetry every 3 minutes for 10 second periods for 144 hours before to 24 hours after 
parturition. Blood samples were collected every 8 hours throughout the study. Results are 
summarized in Table 2 and Figures 9 and 10. 
Figure 9. Effects of hour before parturrtlon (P < 01) on body temperature of 
cow gestating a heifer calf 
Figure 10 Body temperature before catvlng affected (P < 01) by sex of calf, 
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Table 2. Effects of calf sex on variables studied 
Sex of calf 
Male Female 
Variables n=3 n=4 
Birth weight (lb) 90.8 93.7 
Bre F) 104.36 103.64* 
P4 (nglmL) 2.71 3.15 
E2 (pglmL) 277.7 235.4** 
PGFM (pglmL) 146.6 110.8* 
Cortisol (nglmL) 6.5 5.6 
T3 (nglmL) 1.33 1.42** 
T4 eng/mL) 51.2 63.6* 
aBT = Body temperature of the cow, P4 = progesterone, E2 = estradiol-17P, PGFM 
= prostaglandin F2a, T3 = triiodothyronine, T4 = thyroxine. 
*Different (P < .05) from male. **Different (P < .01) from male. 
The endocrine control of the prepartum temperature drop appears to be associated 
with PGFM and T3 changes, but involvement of progesterone, estrogen, and cortisol cannot 
be ruled out. It is interesting to speculate what the physiological effects of this temperature 
change might be. Laburn et al. (1994) reviewed the literature and found that body temper-
ature of the late-term fetus is about 1.1 0 F higher than that of the dam. The feto-maternal 
temperature gradient is established before the end of gestation and reflects the balance be-
tween rate of heat production by the fetus and fetal heat loss, which occurs mainly via the 
utero-placental circulation. Decreased blood flow might be expected to compromise fetal 
heat loss resulting in a rise in the feto-maternal temperatuTf' gradient which could be 
potentially dangerous to the fetus. 
Uterine blood flow declines during labor resulting in an increase in the feto-maternal 
temperature gradient. In addition, muscular activity during labor increases maternal tem-
perature. All these factors could potentially result in increased fetal temperatures with 
possible damaging consequences, especially during prolonged parturition. 
Is there also a possibility that this fetal temperature rise may also be a mechanism 
preparing the fetus for the temperature transition from uterine life to the outside world? 
Higher rectal temperatures in calves at birth have been reported and this heat dissipation 
could be part of the thermogenic adaption mechanism for the neonate. In addition, it is 
interesting to speculate on what effects hyperthermia occurring during prolonged parturition 
might have on calf vigor and survival. 
SUMMARY 
Research on some factors affecting survival of the newborn calfhave been reviewed. 
Gestation diets containing adequate protein and energy have positive effects on calf heat 
148 
production and rebreeding of the dam. Calves from dams that have received gestation diets 
low in crude protein show a high incidence of symptoms typical of Weak Calf Syndrome. 
Dystocia results in various degrees of anoxia in the calf which can result in death or weak, 
dummy calves. Some studies report gestation diets low in protein or energy result in lowered 
levels of colostral antibodies. Adequate fat in the gestation diet appears to be of importance 
in tenns of calfthennogenesis and cold tolerance and rebreeding of the dam. Fat supple-
mentation results may be dependent on amount of fat and also fatty acid composition. Cold 
tolerance in premature calves is poor. There is a drop in body temperature of the dam prior to 
calving which may be related to heat dissipation or transfer to the fetus during parturition. 
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INTRODUCTION 
The recognition of abnormal calving (dystocia) comes 
FIRST from a basic understanding of normal calving. From this 
understanding, the establishment of guidelines for observation 
of cattle and for intervention will reduce calf losses. In 
Colorado, as part of a pilot program of the National Animal 
Health Monitoring System (NAHMS), two-thirds of the costs of 
disease losses were associated with death loss. From a subset 
of 73 of the 86 NAHMS herds in studied in 1986-87 in 24,396 
births, 4.5% of the calves were lost. Of the 4.5% losses, 34% 
were attributed to dystocia related losses. In addition, 
losses attributed to diarrhea, pneumonia, or cold may have 
been a consequence of the increased risks associated with 
dystocia. On most operations this is a very effective area 
where personnel training in obstetrical management will have a 
large beneficial impact. Most large operations have a labor 
turnover and small operations sometimes don't see enough 
problems to feel comfortable handling them. Thus, this 
training should be an ongoing part of the management program. 
UNDERSTANDING THE BASICS OF NORMAL CALVING 
BIOLOGICAL PROCESS 
Calving is a complex process. Many mechanisms affect the 
process but none completely control it. As the fetus matures 
and the uterus enlarges, the capacity of the placenta to 
respond to additional demands of the fetus may be surpassed. 
The placenta may begin to function less efficiently due to 
limiting morphologic changes which occur during the latter 
part of pregnancy. These or other undefined stimuli cause a 
fetal stress reaction. In cattle, this results in an 
increased production of glucocorticoids such as cortisol and 
steroid precursors to estrogens from the fetal hypothalamo-
pituitary-adrenal systems. These steroids in turn enable the 
feto-placental unit to produce estrogens and prostaglandins. 
Endometrial glands in the uterus may also produce 
prostaglandins. Concurrently, production of progesterone is 
decreased, probably at least in part due to the luteolytic 
effect of the prostaglandins on the corpus luteum of the 
ovary. The estrogens and prostaglandins in turn stimulate 
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maternal release of oxytocin, sensitize the uterus to the 
effects of oxytocin, and cause the cervix to dilate. The 
uterus is thus released from inhibition by progesterone and 
made sensitive to the stimulatory effects of prostaglandins 
and oxytocin, and to stimulation mediated through the 
autonomic nervous system. Uterine muscles, which have 
increased contractility in late pregnancy due to stretching, 
begin to contract regularly as the cervix dilates. When the 
cervix is dilated, fetal parts are forced into the birth 
canal. These produce point pressure in the vagina, further 
stimulating release of oxytocin and initiating the abdominal 
press. The process appears to have a cascade effect and is 
irreversible. The fetus must be delivered or death of either 
the fetus and/or the dam or both are likely to occur. 
PREMONITORY SIGNS OF LABOR 
From the practical viewpoint, the time sequences involved 
in calving are more important than the biological mechanisms. 
Prediction of time of calving would be of value under certain 
conditions, but it is difficult to predict time precisely on 
the basis of clinical signs. Criteria that have been used in 
attempts to identify the onset of labor in cattle include 
changes in body temperature, respiration and heart rates, 
"springing" or relaxation and enlargement of the vulva, udder 
changes including enlargement, tenseness and filling of the 
teats, changes in quantity and viscosity of vaginal 
secretions, relaxation of the sacro-sciatic ligaments, and 
dilation of the cervix. Two criteria, relaxation of the 
sacro-sciatic ligaments and cervical dilation, are more 
reliable but difficult to apply on a practical basis for beef 
operators. Relaxation of the sacro-sciatic ligaments can be 
palpated best by inserting one hand into the rectum and 
placing the other on the caudal border of the ligament from 
the outside. Displacement of the ligament can be estimated 
when pressure is placed against it from the inside. Several 
days before term, the ligament can be displaced up to 2.5 cm 
(1 inch). This relaxation should not be confused with the 
progressive relaxation that occurs just before calving, 
allowing displacement of the ligaments 5 cm (2 inches) or 
more. Successive palpations will help define this stage, 
which indicates that calving will usually occur within 24 
hours. 
Dilation of the cervix begins shortly before calving. It 
is usually closed prior to calving, although up to four 
fingers can be inserted part way in some cows. Normal 
dilation preceding calving can be identified by a progressive, 
conical dilation of the cervical canal with the apex of the 
cone toward the internal os. When uterine contractions begin, 
mechanical forces are applied to the internal os and 
enlargement of the cervical canal proceeds throughout its 
length. Once cervical dilation is initiated, calving usually 
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occurs within 24 hours, sometimes in as little as 6 hours in 
multigravida. Cervical dilation is very rapid in most cows 
after it has opened enough to allow passage of the hand. 
MECHANICAL ASPECTS OF NORMAL CALVING 
Normal calving is a continuous process but is often 
divided into three stages for the purposes of description. 
These stages are arbitrary but fairly well defined. The are: 
Stage I, cervical dilation; Stage 2, fetal expulsion; and 
Stage 3, expulsion of fetal membranes. They usually follow 
one another in the sequence given, but sometimes, when 
dystocia is present, fetal membranes are expelled or at least 
freed from their maternal attachments before a dead fetus is 
delivered. Dystocia occurs when any stages is slow developing 
or fails to progress normally. 
Stage 1. Stage 1 begins when the longitudinal and circular 
fibers of the uterus start to contract and ends when the 
cervix is dilated and fetal parts enter the birth canal. 
Visible signs of labor are scanty or absent in stage 1. The 
pastured cow will usually seek an isolated place and vaginal 
discharges increase in liquefaction and expulsion of the 
cervical plug. Occasionally, signs of colic are evident, 
especially in heifers. Restlessness and a tendency to lie 
down and get up frequently are also often observed. In 
ruminants, duration of stage 1 is 2-6 hours; sometimes longer 
in heifers. If you really suspect a heifer is in stage 1 but 
does not progress into Stage 2, intervention at no latter than 
8 hours in stage 1 is recommended. Certain abnormal 
deliveries are characterized by a failure to go into stage 2 
and the calf may be dead before detected so some caution is 
advocated. 
Stage 2. Second stage labor begins when fetal parts enter the 
birth canal and stimulate the abdominal press. The 
chorioallantoic sac is usually ruptured early and the unbroken 
amniotic sac (water sac) is often forced through the vulva 
after the cow has been in labor a short time. In cattle, 
delivery should be completed within two hours after the water 
sac appears at the vulva. The feet of the fetus are 
forced through the amniotic sac either just before of after it 
comes to the vulva. 
At this point it is appropriate to introduce the terms of 
presentation, position, and posture of the fetus during a 
normal delivery. Presentation refers to whether the calf is 
coming front-wards, backwards, or transverse. The most 
frequent presentation of the fetus is front-wards although a 
backwards presentation may occur and can be considered normal 
in some instances. Nevertheless the presentation of a 
backwards calf should signal intervention in most instances. 
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All other presentations are considered abnormal. Position 
refers to whether the calf is right-side up or upside-down 
with only right-side up being considered normal. Posture 
refers to the relationship of the legs and head to own body. 
In a front-wards presentation both front legs and the head 
should be presented to be considered normal. In backwards 
both hind limbs should be presented. 
During stage 1, uterine contractions first occur about 
every 15 minutes but by the beginning of stage 2 they occur 
about every 3-5 minutes. When point pressure is applied to 
the birth canal by fetal parts, its uterine contractions are 
accompanied by the abdominal press. The press is exerted more 
frequently as labor progresses until it occurs every 1-3 
minutes. A series of frequent presses followed by a short 
period of rest is characteristic of this stage of labor. The 
greatest frequency and force occur when the fetal head is 
being forced through the vulva. Following delivery of the 
head a short period of rest may occur. Strong expulsive 
efforts are required again to force the chest of the calf 
through the birth canal Sometimes the cow will stop 
straining for a short time following delivery of the chest, 
allowing the rear legs to rest in the birth canal. At this 
point, usually the umbilical cord may be compressed shutting 
off the oxygen supply to the calf from the dam. It is not 
unusual to observe the calf establishing its own breathing at 
this point. Delivery of the hips and legs is usually 
uneventful, occurring soon after the chest passes through the 
vulva. Second stage labor lasts from .5 to 4 hours in the cow 
but intervention guidelines suggest assistance a not over 2 
hours and in some instances early if it is progressing 
abnormally. 
Stage 3. The placenta is usually expelled within 8-12 hours 
after delivery of the fetus. If they are retained, treatment 
may be indicated. In no instances, however, is manual removal 
of the fetal membranes advocated as this has been demonstrated 
to be detrimental to subsequent reproductive performance. 
RECOGNIZING AND HANDLING DYSTOCIA {ABNORMAL CALVING} 
PHYSICAL FACILITIES AND EQUIPMENT FOR HANDLING DYSTOCIA 
The design of the physical facilities should allow easy 
entry of animals and minimize the stress of handling and 
restraint during assistance. Preference on most operations, 
unless on very small herd size, is to have a separate delivery 
and post-delivery areas. This is advocated from both the 
physical handling of the delivery and the potential for build-
up of disease producing organisms. For the calf, dam, and 
attendant providing assistance, protection from the elements 
is the most desirable. Being dry and warm will go a long way 
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in encouraging the use of proper techniques in dystocia 
management. The delivery area (18 sq. ft) should have a 
straight-sided head catch with side gates that are hinged on 
each side of the head catch to swing freely to either side 
with sufficient room to the sides and rear to allow assistance 
with the needed personnel or fetal extractor (Figure 1). This 
allows the cow to go down and not be choked in the process. 
FIGURE 1. I~LUSTRATION OF 
HEADCATCH AND SWINGING 
GATES FOR HANDLING COWS WHEN 
PROVIDING ASSISTANCE DURING 
CALVING 
Handling dystocia in squeeze 
chutes is to be avoided. A 
cement flooris recommended 
for cleaning purposes with 
access to both hot and cold ~ 
water preferred. This may c====== ~============================~ 
seem like a luxury, but may 
make the difference in optimizing calf survival. 
Obstetrical chains are preferred to rope when traction is 
required because they are more easily sanitized. Also handles 
are available which attach anywhere along the chains and make 
traction easier to apply. Nylon web obstetrical straps are 
available. These may be less traumatic to the fetus but must 
be sanitized very carefully between deliveries. Fetal 
extractors are an essential component of the calving shed but 
are a dangerous item of equipment if misused. More important 
than the equipment used is the amount of traction placed on 
the calf during the delivery process. Two strong men can 
exert a force of from 400-600 pounds per square inch while a 
fetal extractor can get over 2000 pounds per square inch. 
Thus, clinical judgement is important and necessary. 
GUIDELINES FOR OBSERVATION AND INTERVENTION 
This training starts with the establishment of guidelines 
of both the observation of calving animals and for 
intervention in the calving process. This should include a 
thorough discussion of the stages of labor and their 
relationship to calf losses. These guidelines need to be 
established to fit within the economic restraints of the 
individual ranch and biological efficiency of the cow herd. 
An understanding of the rational behind these guidelines for 
all personnel who may be involved in the calving crew is 
essential. Full-time cow/calf operations usually can provide 
almost full-time observation of their heifers but may fall 
short of adequate in mature cows. Some of the guidelines 
recommended are: 
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-Minimum observation of every three hours. 
-Once a cow/heifer is in stage 2 of calving to 
observe more closely until calf is delivered. 
-Intervention may be necessary if: 
-in stage lover 6-8 hours. 
-in stage 2 over 2 hours if not trying 
-or if trying for over 30 min and making 
no progress 
-Heifer/cow has quit trying for 
over a 15-20 min. period. 
-Heifer or cow has not passed membranes within 
12 hours of calving. 
These specific guidelines for intervention in protracted 
labor will be adequate in most instances. However, the 
stockman should realize that interruption of normal progress 
of labor at any stage or time is sufficient for intervention. 
HANDLING OF COMMON DYSTOCIA PROBLEMS 
Once observation had determined intervention is 
necessary, the cow and assistant should be cleaned to minimize 
contamination of the uterus from the procedures. Then, the 
presentation, position, and posture of the fetus should be 
assessed and a determination made as to whether it can be 
handled within the capabilities of the assistant. Luckily, 
the handling of most dystocia problems is within the 
capabilities of the stockman. If assistance is to be provided 
it is essential that the assistant have a thorough 
understanding of the amount of traction, direction of pull, 
and limitations of assistance in the delivery process. If 
not, more qualified help should be sought immediately. The 
methods presented in the following paragraphs are for the 
Utrecht method of handling dystocia. 
Oversized fetus. The most common cause of dystocia is 
oversized fetus. The major question here is if the calf is 
deliverable or not. Chains should be placed either around the 
pastern area of the legs or above the fetlock and a half-hitch 
take below the fetlock. Traction should only be applied when 
the cow is assisting with an abdominal press. 
Tests for delivery have been established for calves in 
frontwards and backwards presentations. In the frontwards 
presentation with normal position and posture of the fetus, 
this guideline is determined by passage of the shoulders of 
the calf through the pelvis of the cow. To actually determine 
this, the cow should be down, on her right side and traction 
should be applied to one leg at a time (unilateral traction) 
to walk the shoulders through the pelvis of the cow. Traction 
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should only be applied when the cow is providing assistance by 
straining. 
A B c 
FIGURE 2. FORCED EXTRACTION OF CALF IN FRONTWARDS 
PRESENTATION: COW IS IN RIGHT LATERAL RECUMBENCY. A: 
UNILATERAL TRACTION (ONE LEG AT A TIME) IS APPLIED STRAIGHT 
BACK INITIALLY USING THE FORCE OF ONE MAN PER LEG; B: AFTER 
SHOULDERS OF CALF ARE THROUGH THE MATERNAL PELVIS, THE CALF IS 
ROTATED 45-90 DEGREES AND; C: TRACTION BY THE FORCE OF TWO MEN 
OR EQUIVALENT CAN BE APPLIED BILATERALLY. TRACTION IS THEN 
STRAIGHT OUT TO SLIGHTLY DORSAL DIRECTION RELATIVE TO THE 
LONGITUDINAL AXIS OF THE COW. 
It is preferable to start with the down leg (left) of the 
calf. This usually comes through easily so the test actually 
is if you can get the second shoulder past the pelvis. You 
should be able to feel the shoulder move past the pelvis as 
you are applying traction. However, a suggested rule is for 
the fetlock joint to be one handls breadth or about 10 em 
outside the vulva of the cow. Once the first shoulder is 
through the pelvis of the cow it should be held in place and 
unilateral traction applied to the other leg. The amount of 
traction should be limited to the force of one man per leg. 
The direction of pull should be straight back from the cow 
which is difficult unless the cow is down (Figure 2) . 
Once the shoulders are through the pelvis of the cow 
delivery is possible. Bilateral traction can be exerted at 
this point to further pull the calf until we are a point 
before the pelvis of the calf enters the pelvis of the cow. 
As in the normal delivery, this is when the umbilical cord is 
compressed and the cow usually takes a break for a short 
period of time. This is a point when the calf should be 
allowed to breath on its own or oxygen can be administered. 
It is also a point with the oversized fetus where rotation of 
the calf should occur. This rotation is necessary to bring 
the widest part of the calf pelvis through the widest diameter 
of the cows pelvis (Figue 3). Once breathing has been 
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established it is completion of delivery is possible in most 
instances. Occasionally calves are lost because of failure to 
allow calf to breath. Constant pulling on the calf at this 
point will not allow the calf to expand its chest and take in 
any oxygen and it is possible to lose the calf if breathing is 
not allowed. 
The test for delivery of a calf in the backwards 
presentation but normal position and posture differ in that 
the fetu~ should be rotated 45-90 degrees by crossing the legs 
should occur before attempting delivery to take advantage of 
the widest diameter of the cow's pelvis. In addition the 
direction of pull on the calf is in a direction that is 
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FIGURE 3. RELATIONSHIP OF MATERNAL PELVIS AND HIPS OF CALF 
DURING DELIVERY. A: MATERNAL PELVIS ILLUSTRATING VARIOUS 
DIAMETERS OF THE PELVIC CANAL. THE GREATEST DIAMETER IS THE 
TOP TO BOTTOM. B: CROSS-SECTION OF CALF HIPS SHOWING THE 
WIDEST SECTION; C: MATERNAL PELVIS WITH ROTATED CALF 
DEMONSTRATING ADVANTAGE OF ROTATION DURING DELIVERY 
Traction can be applied in the amount of three men and 
should be applied bilaterally (both legs at the same time) . 
The test for delivery is if both hips of the calf can pass 
through the pelvis of the cow. This is determined in most 
instances by the extension of the hocks of the calf beyond the 
vulva. If this is easily accomplished, possible delivery can 
be made. However, now we have very little time left to 
accomplish rotation of the fetus to a right-side up position 
for the chest of the calf to come through the pelvis of the 
cow and deliver the calf. We have probable no more than 2-3 
minutes to complete the delivery. If the test fails in either 
case call for professional assistance as surgical delivery is 
probably indicated if you want a live calf and maybe even a 
live cow. 
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Elbow lock posture. If one or both of the forelimbs are not 
extended as they come into the pelvic inlet, the partly flexed 
elbows may lock on the brim of the pelvis and cause elbow 
lock. Repulsion of the fetal trunk and simultaneous alternate 
traction on the limbs will usually relieve the problem. The 
tests for delivery can then be applied and usually indicate 
delivery is possible. 
Retained forelimb or hindlimb. The retained leg needs to be 
converted to a flexed carpus if a forelimb or a flexed hock if 
a hindlimb. Then apply simultaneous repulsion to the carpus 
or hock in a forward-upward-lateral direction and traction on 
the hoof in a medial-backward direction. These directions are 
relative to the cow. The hoof is guarded in such a way that 
protection of the uterus and the birth canal from tearing is 
possible. Then apply the tests for delivery. 
A B c 
FIGURE 4. DELIVERY OF CALF IN BACKWARDS PRESENTATION. COW CAN 
BE LYING ON EITHER SIDE. A: CALF IS INITIALLY ROTATED 45-90 
DEGREES BEFORE STARTING DELIVERY; B: BILATERAL TRACTION IS 
APPLIED BY TWO MEN OR EQUIVALENT. DIRECTION OF TRACTION IS 
STRAIGHT OUT TO SLIGHTLY DORSAL UNTIL HIPS OF CALF PASS THE 
MATERNAL PELVIS. CALF IS THEN ROTATED BACK TO A RIGHT-SIDE UP 
POSITION AND DELIVERY CONTINUED. C: DIRECTION OF TRACTION IS 
STRAIGHT OUT UNTIL CALF IS DELIVERED. 
Lateral deviation of the head. Opposing forces are usually 
required, one repelling the fetus, the other converting the 
deviation to normal position by traction. The principle is to 
make room for the head conversion by repelling the body of the 
fetus. The head should be kept upright if possible. The use 
of head or jaw snares may be used but should not be used for 
traction. One must be careful not to fracture the jaw. In 
addition, excessive repulsion of the fetus may rupture the 
uterus of the cow. 
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GUIDELINES IN CALLING FOR PROFESSIONAL ASSISTANCE 
Once intervention is made the guidelines for additional 
professional assistance need to be followed. Professional 
assistance needs to be defined as someone who knows more about 
handling the problem than you do. The different level of 
experience among individuals will dictate what problems you 
are requiring assistance in. Regardless of the experience 
level, if these rules are followed the survivability 
opportunities of the calf and dam are increased. Some of the 
suggested guidelines are: 
-Don't know what problem they are dealing with! 
-Know the problem and the solution but know they 
are unable handle the problem! 
-Know the problem and the solution; have tried 
and simply made no progress in 30 minute period! 
Further delays will simply put the calf in jeopardy. 
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INTRODUCTION 
Back in 1990, those of us at MaIm Ranch Company decided it was becoming more 
and more difficult to keep accurate records on over 800 head of cows using the paper/pencil 
method-especially when the "paper" ended up being the inside of boxes from our vaccines 
and Ivomec~ So when my two kids and I returned to work at the ranch full time, I was given 
the job of computerizing the cattle records for our family farming/ranching operation. I 
started out using a data base program but soon found myself having to enter the same 
information over and over because I was not software-literate enough to know how to 
integrate my data. It took me four long years of searching and trying programs before I 
found software that would work for our operation. During that time I discovered there are 
many programs on the market each with different features. However, my experiences during 
my own search combined with the experiences I have had since becoming a sales 
representative for the software I now use, have shown me that many of us begin our search 
asking the wrong questions. There are so many programs out there, it becomes confusing if 
we approach the task from the wrong aspect and we usually end up being disappointed with 
our selection. I quickly learned to beware of any salesman who wanted to tell me what his 
program could do for me because no one knew exactly how we kept our records. I would 
like to discuss the six steps I feel you need to go through when are trying to choose a 
software package. 
YOUR COMPUTER SYSTEM 
The first step you must take before you begin your search requires knowing the 
capabilities of your computer system and your own level of user experience. You need to 
know the version of DOS or Windows you will be using, the system's RAM and available 
hard disk space, and the model and speed of your microprocessor. You also need to know 
the type of monitor and video card your system has. Today, most programs are available in 
DOS or Windows, operate best with at least 16 megabytes of RAM, take up at least 8 
megabyte of hard disk space and require a 486 microprocessor. A VGA or Super VGA 
monitor is usually adequate along with a 4-megabyte video card. All of these are important 
considerations when you make your software selection so make sure you are familiar these 
aspects of your computer system. Your own computer experience will also be a major 
consideration in your selection because you must choose software that you will be able to 
learn quickly and that you will be comfortable using. 
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UNIQUE FEATURES 
The next step is the one I consider most crucial: You must identify the unique 
features of your current record keeping system. We all keep the same basic information; but 
we may keep it in a variety of different ways. Some of us may have additional information 
we track about our cattle that is unique to us as individual breeders. For MaIm Ranch, the 
first unique feature was our animal ID system. All software requires that each animal have 
its own individual, unique ID number as the primary source of entering and locating that 
animal. Because we have developed a purebred composite breed called Carcass Mastersp,f in 
addition to the seven other purebred breeds we raise, our animal ID and tagging system is 
different from the system other ranchers use. Another unique feature is a numerical breed 
code that we give each animal. These are just two examples of unique features of our record 
keeping system that required specific elements in the software we chose. You need to spend 
considerable time looking at the way you currently keep your records and list every feature 
that is unique to your operation before moving on to the next step. 
AREAS OF FLEXIBILITY 
Once you have identified the unique features of you current system of record keeping, 
you must decide which ones you are or are not willing to change or modify to fit a 
computerized system of keeping records. In other words, for each unique feature you have 
identified you must decide if you are willing to change the way you keep your records to fit a 
software program or if you want to find a program that can be customized to the way you 
already keep your records. The one thing we were not willing to change was our ID system; 
any program we chose had to accommodate the way we were already identifying each animal 
in our herd. That meant the program's animal ID field had to accommodate a combination of 
letters and numbers and have a minimum of ten character spaces available. Because there 
was the possibility of ID duplications between heifers and bulls, we did modify the cows' 
IDs on paper by using the BIF year letter code for our heifers and cows. The numerical breed 
code could not be modified; but we could be flexible in either keeping it in an open standard 
field or in a user-identified field. All we needed for this feature was a field that had 8 
character spaces. From the inventory of unique features that I developed, I realized I wanted 
a program with a lot of fields I could name myself rather than a program with all program-
identified fields. For each unique feature of your current record keeping system you must 
decide whether or not you can be flexible and to what extent you are willing to modify the 
way you record the information you keep. 
ROUTINE ACTIVITIES AND DATA 
The fourth step you must take before beginning your search involves identifying 
those activities you perform routinely and the data that you compile and enter yearly. 
Vaccinations, branding and weaning are all examples of routine activities. Calving 
information, weaning and yearling weights, and yearly AI and pasture breeding information 
are all examples of data that will be entered on a yearly basis. You must find a program that 
allows you to enter your routine data as quickly and efficiently as possible. Some programs 
allow you to perform certain activities to large groups of animals with a minimum of data 
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entry while others require individual entries for each animal. The greater the number of 
routine activities you perform and data you gather, the more necessary it is to have a program 
that does as much of the work for you as possible. 
DESIRED OUTPUT 
The next step is one that is easily overlooked in this age of technology when more is 
always thought to mean better. You need to determine what types of information you want 
your software to be able to process from the data you enter. Computers and the available 
software are able to keep and "spit" out all types of information; but unless you are going to 
utilize all of the information, there is no sense in paying for software that exceeds your needs. 
You need to know what information you will want to print out and how you will want to use 
the information you enter. For registered breeders, that means considering such things as if 
you want to download EPD information from your breed association or be able to send your 
registrations in on floppy disks rather than on paper forms. For both commercial and 
registered breeders you must know what types of decisions you will use your computer data 
to help you make. For example, will you use the data in your program to help make culling 
decisions; will you need printouts to send to prospective bull customers. What types of 
calculations do you want your software to be able to perform-calving due dates, calving 
intervals, adjusted weights, ratios? All of these are important questions to ask yourself 
before you choose a computer program. 
MAKING YOUR PURCHASE 
Having done your homework, you are now ready to begin examining the various 
programs on the market. Because you have already determined what you want your 
computer software to do for you, you know the questions to ask so you can quickly "weed 
out" programs that will not work for you. Once you do find programs that fit the criteria you 
have established, you are then ready to compare prices, the availability of a demo, the 
availability of technical support, and the length of a trial period or the guarantee offered by 
each software package. Don't forget to closely examine the instruction manual provided 
with each program. Make certain it fits your user experience level. The final step in 
choosing a program requires selecting software backed by a reliable software developer. 
You are not just buying a product; your are forming a partnership. You will need technical 
support from someone who understands the computer and someone who knows the cattle 
business as you learn to use your program. Make sure to purchase a program backed by a 
company that will always be working to up-grade their software as the industry changes. 
Conclusion 
Taking these six steps will save you time and money. But most of all, when you do 
make your final purchase, taking these steps will help insure your satisfaction with the 
software package you choose. 
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Step # 1: Your computer system 
Size of RAM 
WORKSHEET 





Type of Monitor & Video Card 
Step #2: Unique features of your records 
Step #3: Areas of flexibility 
Step #4: Routine activities and data 
Step #5: Desired output 
Step #6: Making a decision 
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COMPUTER SOFTWARE SELECTION: FINANCIAL 
Kory M. Bierle 
Madsen Ranch, Midland, SD 
Over and over we as producers are told we need to know our cost of production. As 
the title of my college accounting book stated, accounting is the basis for business decisions. 
The question comes up: how do we track these costs and make sense of all the 
numbers? As soon as we realize the importance of the office work and the need to get it 
done in a timely and efficient manner, we address how to get it done. What has been the 
answer for the past 20 to 25 years to help get the work done? That's right, get a machine to 
do it (for better or worse!). Just as none of us rode the train or brought the team and buggy to 
this symposium, record keeping has progressed with the times with the advent of the 
computer, and an abundance of software programs. But remember, the computer is just 
another machine that helps us do our office work, much like the baler and stacker helps with 
the haying, it won't do the work for you, just help you get it done. 
When considering software, remember what is said of financial reports like the 
balance sheet, they give you a picture of your financial position at a given time. When you 
take a picture, a camera is used, so think of the software that produces a balance sheet as a 
camera. As with cameras, which come in many models; from the simple point, shoot, and 
throwaway to the more sophisticated studio models; software varies. As you can imagine, 
programs like cameras, vary in price and the degree of skill and experience needed to get the 
very best out of them. But have faith, the good news is that with today's advances in 
computers and programming, even the most old fashioned cowboy or the most educated 
animal scientist can get a good set of financial records established. 
Selecting computer software is really just asking and answering a series of questions. 
If a lot of thought goes into what and how you want to examine your business, the selection 
process will be much easier. To put this in rancher (not photographer) terms, think of buying 
software just like buying a pickup. Before you buy a pickup you figure how you are going to 
use it. Will it be used primarily for going to town, or will it pull a 8x24 trailer filled with 
horses on mostly gravel roads, plow mud, and be used to fix fence and haul out mineral. Just 
like pickups, software comes in many makes and models to suit a variety of needs. And 
especially like modern pickups, newer programs come with many bells and whistles which 
you can compare to electric seats and fancy stereos. 
Things to consider when looking for Ranch accounting software: 
1. Price 
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2. Options of the software 
A) Ease of entry; learning curve 
B) Reports; F ASB approved 
1. format of and detail of 
2. ranch formats 
3. production/fiscal years 
C) Cash and Accrual Accounting; dual entry accounting, GAAP 
D) Multiple Enterprises; Business Units; Personal Accounts 
E) Ability to transfer data to analysis programs like FINP AK or SPA or 
production 
F) Company/TechnicallLocal support 
G) Budgeting, Depreciation, Loan analysis 
H) Track market or actual price 
I) Track inventories or physical numbers 
3. Acceptance of by Bank, CPA, Extension 
Programs come in a wide range of prices. A quick survey of local stores revealed 
prices ranging from $65 to $1085. Simple programs that are easy to learn, set up, and use are 
cheaper and the ones that require some basic accounting know-how are more expensive. The 
time honored saying of "you get what you pay for" is applicable here. I have and use both 
types. For simple things like a local historical club or our personal accounts, the program 
Quicken works very well. Yet for the ranch, I use a program from Redwing called AgCHEK 
which is ag specific in the reports that it produces. Programs that range in price from $100 to 
$450 are very good, yet may require some "tweaking" to fashion ag reports. 
The various options of software also separate them. Currently, a lot of programs offer 
pop-up calculators, charts, calendars, loan amortizations, and some custom formatting of 
reports. Many of the programs now are very user friendly. They all have the same basic 
features, just different ways of doing them. This is another area where programs are like 
pickups, some just seem to fit better than others, so shop around. The major difference is 
how the accompanying instruction manual is written, whether it is easy to follow or not. The 
program you choose should produce at least a balance sheet, income statement, cash flow, 
and transaction summaries. You will also want to be able to format these reports with 
different levels of detail. Bankers like one page reports, but if you want to find out where 
your high costs are hiding, you will need more detail. One point: the less expensive 
programs are usually mass marketed and therefore easier to learn and use. If you are new to 
computers, think about buying an older machine with an early version of Quicken to see if 
computing is for you, it could be a cheap way to get in. 
Another important feature to look for is if the program can handle cash and accrual 
basis accounting. Accrual adjustments are necessary if you want to match actual expenses 
and revenue to the appropriate time period. This brings us to the dual entry feature. This is 
nice when you want to take feed out of inventory and expense it to the herd. These are non-
cash transactions that we all do, and that Dr. Hamilton and his SPA boys really appreciate if 
we keep track of. 
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One of the options I would encourage you to look for is reports that cover production 
cycles rather than just fiscal 12 month years. In ranching, these cycles can last up to eighteen 
or nineteen months which means expenses from more that one year need to be tabulated to 
certain enterprises. The ability to measure fiscal as well as enterprise data is important. 
Also, can these reports be formatted so that costs such as fee costs and fixed costs can be 
measured separately and can the costs be measured on a per head or a per acre basis. 
Along the lines of covering production cycles is the ability to track various 
enterprises at the same time and the ability of the software to divide the whole set of books 
into different business units or profit centers. The cows and the replacement heifers are 
examples of enterprises within the beef profit center. If you have a custom spraying or 
haying business besides the cattle, you could track the two of them with separate business 
units. This is a nice feature to be able to separate, analyze, and produce reports from your 
books. Business units and profit centers are measured in 12 month increments whereas 
enterprises vary in length. 
The whole idea of keeping accurate and detailed records is to be able to make 
decisions to positively affect the bottom line. The Extension Services have several 
knowledgeable people to help you analyze your books through many ratios and percentages. 
The catch is that you need to input your data into their program! So bring in another feature 
to look for in software: the option to be able to export data to other programs such as SPA or 
FINPAK. Believe me, if you've ever worked hard setting up your books, keeping your 
records faithfully, and everything else, and then struggle to make a set of forms reconcile to 
your records, you will really appreciate this feature. For one thing, it takes the work out of 
the manual transfer so you have some energy left to examine your records and make 
decisions. 
Another thing to consider is what kind of company support is offered after you have 
purchased the software. Is it provided or is it available at an additional cost, and if so, what 
will be the cost. Is there an 800 number you can dial? Can you leave a message or do you 
have to stay on hold for the better part of the day? Can you E-mail your questions? Are the 
people on the other end knowledgeable in ag situations? Not only is there company support, 
but is there a local network of users available that can offer helpful suggestions. Ask around 
and see what your neighbors use and what they like. Some other people to consider are your 
extension personnel. Quite often they have templates for certain programs and experience 
running them. But, set up your books to make sense to you. After all, you are keeping 
records to help yourself, not someone in an office in town. 
Some options that are very handy to have available are to be able to budget, to make 
depreciation entries, and to be able to amortize loans. As well as being able to budget, you 
want to be able to produce reports that compare actual to budget as well as determining the 
difference in dollars, percentages, or quantities. Being able to budget for the whole business, 
business units, or enterprises or any combination is also handy. 
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Another feature you may want to look for is to be able to track physical inventories 
and track quantities. Where we think of tons of hay instead of dollars worth of inventory, it 
helps to put things in perspective. Also when you're budgeting, it's nice to be able to see 
how many gallons of gas were used last year and adjust the price accordingly to get to the 
totals. To further put things into perspective, if you can format reports to be able to include 
market values on some of your assets, this gives a more realistic picture to you and those 
whom you choose to share your records with. 
Speaking of sharing your information with others, often we don't have a choice. 
Seems that bankers can be downright picky about some of the numbers they want to look at. 
The same holds true for CP As. So it might be worthwhile to ask them if there is anything 
else you should consider. Yet it is common for a banker to give interest rate breaks for good 
records. It can sure cheapen up the cost of a good software package. 
In summary, there are many things to consider when buying accounting software. It's 
up to you to place the priority on the traits you value most. Price, ease of learning, format or 
reports, data transfer, customer support from the company, and the ability to subdivide your 
books into realistic business units or enterprises. Remember, don't sell yourself short, 
determine what you want to know, how you want to record it, and how you want to analyze 
it. The information you get from your software will help you make decisions that will affect 
your business for a long time, so make sure that you get the best information you can. 
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Rex Ranch (Nebraska) 
Sheridan Ranches and Deseret Ranches (Wyoming) 
PREFACE 
I am the creator of very few original ideas. Over the years I have learned to 
recognize good ideas, modify and adapt them when necessary and use them to my advantage. 
This is because I am in a continual process of empowerment. Most of what I say here is 
borrowed from others. However, it has come about over such a long period of time and 
results from the melding of so many ideas that it has become an internalized part of me. 
This paper needs, and my many mentors deserve, footnotes and a bibliography to give credit 
to the originators of these ideas. That would be impossible; so I hope you will understand 
how much lowe to teachers, employers, mentors, co-workers, family and friends for helping 
me along the never-ending path of empowerment. 
Statements of fact in this document are merely my strongly held beliefs-many of 
which can be corroborated by research and/or the experience and observations of others. 
INTRODUCTION 
Empowerment is a function of systems, attitudes and access. A ranching system is 
a grouping of subsystems which includes biological, climatic, business, financial and 
managerial processes. The system may be structured to enable and encourage or to impede 
empowerment of the team members. Access to ideas, research, training, tools, mentoring, 
modeling, etc. is vital to high level empowering. If the system is right, then the attitudes 
of the people involved will determine how much empowerment will take place. 
Bosses and managers don't empower people. They enable and facilitate, but people 
at all levels of reporting are responsible for their own empowerment. Everyone, or nearly 
everyone, wants to succeed. We who are managers ought to take advantage of that. Give 
people a chance to succeed and most of them will. 
I too often hear comments similar to this. "I don't need to know about people 
management. After all there's just me, the wife and the three kids." How demeaning! 
Ranchers with this attitude are missing out on full use of their most valuable resource-the 
combined human creativity that comes from a unified, integrated team. 
As a manager, my job is to "Create an environment in which people want to excel 
and then provide the tools, training and freedom to do it." Tools can be anything from a 
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shovel or pickup to a set of NRC tables or a computer printout of financial perfonnance. 
Most managers don't really give the freedom for their people to succeed or excel. They 
expect the employee or family member to become a robotic extension of themselves rather 
than an independently thinking, decision making adult. The employee knows the difference. 
They know if they succeeded or if the boss succeeded for them. If the boss continually has 
all the successes, he may have the employee's muscle; but he will never have his heart and 
mind. 
The system and its structure creates the environment for empowennent. The 
individual's attitude opens the mind, provides the desire and releases the energy. Access 
provides the infonnation, training, tools, opportunity, observation etc. that leads to 
knowledge, analysis, wisdom, judgement, better decisions and finally power. Power is 
earned by making a high proportion of good decisions. 
OUR SYSTEM 
I have tried to develop a style of management and leadership which leads to a system 
that enables, encourages and rewards empowennent. I will try to describe my approach to 
management and show how it facilitates empowennent. 
The five principles that follow are integral parts of a complete ranching system. 
They are not mutually exclusive. In fact, there is much overlap and interconnectedness. 
When well understood they blend into one system. 
1. Effective management is both integrative and holistic. 
2. Continuous improvement of key resources will sustain and enhance profit potential. 
3. The cycle of PLAN, IMPLEMENT, CONTROL should address the ranch's key 
result areas and use the best tools and methods available for the optimum allocation 
of time, energy, thought, and money. 
4. War on cost is made necessary by the economic necessity to compete with other 
ranches and other meat and protein sources. 
5. An emphasis on marketing is required to insure that our products are sold to their 
highest and best use at a price that is fair to both buyer and seller. 
I will now explain these five principles and show how they facilitate, encourage and 
reward personal empowennent. 
An approach to management that is both integrative and holistic works to integrate 
applicable infonnation and ideas into the planning process. As the planning process moves 
to evaluation and analysis, decisions are made that are best for the whole system. This 
process is not easy and requires the best thought and infonnation available. The effects of 
a decision on a whole system: its land, livestock, and people; especially for the long tenn 
are not easy to estimate. Therefore, the more minds you have working on the problem, the 
better. Asking for input from an employee, spouse, son or daughter is in itself empowering. 
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Continuous improvement of the kev resources is vital to the sustainability and 
enhancement of long term profits. At our ranches we have defined the key resources as 
land. livestock and people. We feel strongly that each must be continually improving. The 
focal point is improvement of the human resource. At the Rex Ranch each full time 
employee has one or more herds of cattle assigned to him. He is responsible for the 
buildings, corrals, fences, stock water facilities and the land on which his herd(s) runs. He 
makes the day to day operating decisions for his cattle, land and other resources. He has 
input into the longer term decisions such as genetics, herd health program etc. I think this 
type of delegation encourages and rewards empowerment. 
We expect each full time employee to complete a significant off ranch learning 
experience each year. The Range Beef Cow Symposium, a grazing school, an AI school, 
an IRM conference. etc. are the kinds of events we like our people to attend. In addition, 
we bring technical experts to our ranch to instruct our people or answer questions. Much 
of this comes about through cooperative efforts between us and the surrounding universities. 
Our people are also encouraged to attend local day or evening events such as Extension 
Service training or ranch field days. 
There are risks to this kind of delegation and empowerment. However, the benefits 
that come from empowering people are worth the risks. If people improve, the land and 
livestock improve. In this type of system younger, less experienced people need more 
attention and supervision than older, more experienced people. We all work together to keep 
each other from making dumb mistakes. I very often find that my co-workers keep me from 
making bad decisions. I trust I do the same for them. 
The cycle of plan, implement and control is the focus of many management 
textbooks. especially the older ones. While this is a very important part of management, it 
often ignores the human aspect. In ranching the owner. father or manager who may be all 
the same person is too often caught up in implementation. The planning is often poor or 
non-existent, and control is control of people rather than results. 
I think the planning process should involve all of the people involved in the operation. 
Planning should be done by key result areas. At the Rex Ranch we have the following key 
result areas: 1) Range production, 2) Hay production, 3) Livestock production, 4) Cost and 
quality controL and 5) Marketing. At another ranch we produce no hay, but we have 
irrigated pasture: so we substitute irrigated pasture production for hay production in our list 
of key result areas. The key result areas need to be defined to fit each ranch. 
Each year at budget time we do a plan for each key result area. Each person brings 
a plan for his herd and associated resources. These plans are thoroughly discussed and 
evaluated and culminate in a budget. Much input to this process comes in formal and 
informal meetings held throughout the year. When a plan and budget come together, each 
person is responsible to implement his part of the plan. We then have simple monitoring 
procedures that gather information, process and summarize it and return it to all of our 
people. This coupled with ongoing observation of cow condition, range condition etc. 
become our major control points. This means that we as a group control results, and people 
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control themselves. I don't even want to imagine what it would be like to do this without 
the help of an empowered group of people. 
"War on cost" is more of an attitude than anything else. Finding a less expensive 
way comes from human creativity and ingenuity. Spreading fixed costs further by increasing 
stocking rate or by increasing cows per man and reducing winter feed costs can only be done 
by the careful combination of art and science. Reducing overheads such as buildings, 
pickups and tractors requires the best of "how to" ingenuity. If people are working to solve 
these kinds of problems, they are becoming empowered. 
While marketing is primarily my job, I rely heavily on the other members of our 
team to have cattle market-ready and to make sure that cattle are sorted to their highest 
potential. We want to sell cattle to their highest use, but no higher. Selling an animal for 
something it cannot do will result in a loss of customers. We have spent a lot of time 
learning marketing. Our people, who are in a process of empowerment, make sure that 
animals are sorted, fed, and presented for best marketing results. 
CONCLUSION 
I hope this has helped you to understand: 
1. Why I think the manager's job is to "Create an environment in which people want 
to excel and then provide the tools, training and freedom to do it." 
2. Why empowerment is dependent on systems, attitudes and access. 
3. How you might structure systems and provide access so that your co-workers will be 
encouraged to become empowered, life-long learners and will find rewards in having 
created their own successes. 
4. How people must come to the system with the right attitude. 
S. How a management sty Ie that shares information and provides opportunities for 
personal growth and success is good for everyone. 
6. That the synergy of a well-led group of empowered people can produce excellent 
results. 
In 
Proceedings, The Range Beef Cow Symposium XV 
December 9, 10 and 11, Rapid City, South Dakota 
NETWORKING PEOPLE 
Barry H. Dunn 
Beef Extension Associate 
Department of Animal and Range Science 
South Dakota State University 
INTRODUCTION 
The word networking was one of the buzzwords of the eighties. More recently, it has 
become one of the hot topics of the swine industry. Networking has been defined as a means 
of gaining access to a set of advantages which by yourself, or with your own resources, you 
would not be able to acquire. So networking is about working with other people to gain an 
advantage. The advantage might be in marketing, information, purchasing, labor, or capital 
investments. There are examples of successful networks in every human endeavor. History 
is full of examples. But what does networking have to do with the cowcalf industry in the 
northern plains? The argument is that cattlemen are an independent group, and that we like it 
that way. The opposite of independence is dependence, and cattlemen don't like being 
dependent on anyone or anything. However, networking is about interdependence. 
Successful networks are synergistic. That is, the activity of individuals in the network will 
serve to enhance the efforts of all the other members of the group. To meet our common 
goals, we need every advantage, especially ones that we cannot gain by ourselves. Because it 
allows us to gain an advantage, networking has become a very important and timely concept 
for today's cattle industry. 
NECESSARY COMPONENTS 
Successful networks have several key things in common. They are all extremely important. 
Common Goals: As people start working together to gain a set of advantages, it is critical 
that, just like a good team of horses, everyone is pulling in the same direction. Experts stress 
that goals need to be achievable. Goals for a network must be in the best interest of everyone 
involved. 
Communication: The best way for a group of people to achieve their mutually held goals is 
for their activity be grounded in good communication. Successful communication for groups 
must be concise, straight forward, and timely. 
Honesty: While it is easy to see why this pertains to financial arrangements, I think the need 
for honesty goes beyond that. Everyone involved needs to be up front about their own 
motivation for involvement, and also about the skills and resources they bring to the group. 
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Trust: For a group to work together successfully, members must have faith in one another. 
Although this may take some time, to build a sense of trust, members of a network must treat 
each other with respect and dignity. 
A Worldview: To obtain advantages that we cannot obtain by ourselves, we need to be able 
to look at the world around us with a clear view We need to be honest with ourselves, as we 
take a personal inventory of our goals, resources, strengths and weaknesses. And we need to 
be equally as honest as we look atthe world around us, its problems and opportunities, as 
well as its organization and structure. 
BENEFITS 
The benefits of networking are many and varied. Although they depend largely on the type 
of network that is involved, there are many similarities. 
Leverage: Perhaps the single largest advantage for a network is leverage. Whether it is 
resources, information, marketing or purchasing, the use of supplementary assets to multiply 
or enhance their effect can have dramatic results. 
Information: In an era of "information overload", the benefits of information exchange, 
sorting and sifting cannot be understated. As individuals, it is almost impossible to keep up 
with all the changes in the world around us. Much of what is reported is not relevant to our 
particular needs or situations. A group of individuals can help each other glean information, 
and tum it into empowering knowledge for the benefit of all. 
Risk Management: We often hear that there is no room for error. The stakes are too high, 
the risks too great. But a network or group can mitigate individual risk, by spreading it out 
over a larger base. 
Utilization of Systems: Due to the inherent restrictions on our industry of capital and labor, 
it has been virtually impossible for a single individual to participate as a sole proprietor in the 
complete beef production system. It is very difficult for a single individual to participate in 
more than two or three phases of our business. Through networking there are many 
examples, in a variety of industries, of successful vertical and horizontal integration. 
LIMIT A TIONS 
We have all heard the old saying, "if it sounds to good to be true, it probably is". This is can 
be true for networking. While there are many examples of successful networks, there are 
probably an equal number of examples of ones that, for various reasons, have failed. There 
are things that networks simply cannot do and realities that they cannot overcome. 
Leadership: For networking to be successful, a leader or group of leaders must step 
forward. Leadership takes vision, motivational skills, commitment, a keen sense of timing, 
and excellent communication skills. If it is true that leaders are not born but made, then it is 
time to get the leader production system in high gear. 
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Commitment: The success of a network is dependent on the efforts and commitment of the 
people involved. There is little middle ground. For example, in a marketing network, if 
members send only their poorest cattle through the group marketing plan, and sell their top 
cattle in a different marketing alternative, surely the network will fail. Members must trust 
that if the network succeeds, the individual members will also succeed. 
Responsibility: Participation in networks often requires individuals to tum some decision-
making responsibility over to others. This can lead to feelings of loss of control. An 
example could be in a marketing alliance that restricts the choice of bulls a producer can use 
in his breeding program. A clear understanding in the beginning, of the roles and 
responsibilities of the members, is needed to avoid latter confusion or disappointment. It also 
brings out the seriousness of an individual accepting responsibility and acting on behalf of 
others. For example, if an individual accepts marketing responsibilities for an alliance, they 
must understand the full impact of his or her decisions on the lives of others. 
Structure: There are probably as many structures of networks as there are networks. Some 
are complex and have by-laws and an organizational structure. Others are loose knit groups 
of people with similar interests. Generally, the structure of a network needs to reflect the 
seriousness of the relationship. Leaming groups can be loosely organized and very 
impromptu. However, marketing alliances need a very strong business structure. 
EXAMPLES 
There are many examples of successful networks that have been developed over the years in 
just about every conceivable part of the cattle business. The following networks are 
mentioned to serve as examples and reminders. 
Information: Perhaps the greatest example of an informatinn network is the Land Grant 
University system. It is the envy of the world. Its three-legged stool of teaching, research 
and extension has proven over time to be an excellent investment for society. Problems are 
solved, young people are educated and access to unbiased information is available to 
everyone. On a smaller scale, the "Bootstraps" program developed here in South Dakota is 
another excellent example. ''Bootstraps'' helps people network, and gain advantages in 
information that are not available to them as individuals. The program leverages activity 
with its holistic foundation, and brings together a wide array of participants, sponsors, and 
teachers. 
Marketing: This is the area that certainly gets the most attention in a discussion about 
networking. Successful marketing networks, regardless of type, are the ones that contain all 
of the following criteria: 1. Clear and appropriate goals. 2. A business structure that reflects 
the complexity of the network or alliance. 3. Pricing systems that fairly reflect each 
participants share of associated cost and risk. 4. A well developed business plan. 5. 
Appropriate levels of capitalization. 6. A sound understanding of the complexities of 
business. 7. Excellent leadership. There are many examples of vertically integrated 
marketing networks and alliances that have failed, and a few examples of ones that have 
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succeeded. The difference in the two groups is in the failure to meet one or more of the 
criteria listed above. 
Breeding: There are many examples of creative networks in the breeding portion of our 
business. The following is an example of how the principles of networking apply 
independent of size of operation. A small seedstock producer has developed a network of 
commercial producers to progeny test his potential herd bulls. While EPDs provide estimates 
of the genotype of animals for many traits, EPDs for yearlings have relatively low accuracies 
and there are trait's for which EPDs are not currently used. To get around these limitations, 
the seedstock producer selects the potential herd sires that, at some later date, he may be 
interested in bringing back into his herd. He then allows a commercial producer to use the 
bull for several years at no cost. The commercial producer collects the progeny information 
requested by the seedstock producer and keeps the bull year around. After a couple of years, 
the seed stock producer trades the two-year-old for a second yearling bull. He makes a 
determination about whether or not to bring the bull back into his herd, as a herd bull, based 
on the observed and measured performance of the bull's progeny. The arrangement has been 
mutually beneficial to all parties. The commercial producer gets the progeny of a very good 
young bull without a large capital investment. The seedstock producer gets to progeny test 
bulls at a very low cost. This simple network of a seedstock producer and several 
commercial producers is a win-win for everyone. 
Purchasing: The cooperatives in rural America are perhaps the best example of the power 
of networks in purchasing. Producers can buy electric power, feed, semen, fertilizer, 
hardware, fuel, credit and many other items through a purchasing network that "pools" 
demand and is able to negotiate a price that is lower than they could get as individuals. 
There are several examples of seed stock producers joining together in loose networks to buy 
advertising at a lower price than they could get as individuals. Here again people gain an 
advantage, this time in reduced cost, by joining together. 
SUMMARY 
Networking is a means of gaining access to advantages, that which by one's self or with 
one's own resources, would not be available to you. It has at its core, a sense of 
interdependence and cooperation. Networks are not new to rural America, as the Rural 
Electric Associations are one of the most successful examples. Networks can 
work successfully in a wide range of areas including, information, marketing, purchasing, 
advertising, and capital investments. Key components to networks are common goals, 
excellent internal communication, honesty, trust and an expanded view of the world around 
us. While networks can solve many problems, they are not, without limitations. When a 
network fails, it is often due to a lack of leadership or commitment, failure to accept or 
understand responsibilities, or an inappropriate structure. There are many examples of 
successful networks in our daily life, and in an industry that is short on advantages, 
networking has tremendous potential to help solve problems. 
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Pricing Method: Pricing on averages 
Message: "All cattle are equal" 
Result: Produce cattle of any kind and type 
TODA V'S CATTLE MARKET 
Value Differentiation Limited By "Average" Pricing 
-8 -4 o +4 +8 . 
178 
-12 
Pricing Method: Pricing on value of beef and 
the by-products produced 
• 
Message: "Some cattle are better than others" 
Result: Produce more of the better cattle 
FUTURE CATTLE MARKET 
Increased Value Differentiation At All Levels 
-8 -4 o +4 +8 +12 
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"A verage" Grid 
A verage Marketing Quality Grade PremiUlllS and Yield Grade Premiums and 
Program Discounts Discounts 
Specifications 
Live $ 72.00 Prime Value $ 5.50 over Yield Grade 1 $ 3.00 premium 
Price * choice 
Base $ 113.39 Certified $ 2.50 over Yield Grade 2 $ 1.81 premium 
Carcass Program choice 
Price* 
Dressing 63.5% Choice Value $ 2.00 premium Yield Grade 3 $ .88 discount 
Percent* 
Out $ 20.00/cwt. Select Value $ 3.00 discount Yield Grade 4 $ 13.25 discount 
Discount 
Choice! $ 5.00 Standard $ 5.00 discount Yield Grade 5 $ 17.75 discount 
Select Value 
Spread 
Grade 60% choice 
Base 
* This "average" grid was derived by analyzing over 20 different value-based systems. 
The Target 
Yield Grade 2 Yield Grade 3 
600 ~ Carcass Weight Range --7 900 
*ChlSel Spread $5.00 
*60 % Choice Grade 
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"Value" Checklist 
Primary Value Determinants 
• Yield Grade--Red Meat Yield 
• Quality Grade--Palatability 
Eliminate the "Outs" 
• Carcass Weight 
• Hardbones and Dark Cutters 
• Injection Sites, Brands 
18] 
Factors To Consider 
• Program Requirements 
-Breed, Pre-Conditioning, Fees, Feedlot 
• Do Your Cattle Fit The Program Targets 
• How Do Your Cattle Perform 
-Feedlot - (Conversions, A.D.G.) 
-Processing Floor - (Red Meat Yield, Marbling) 
Be Realistic 
Potential Trade Offs 
• Higher Price Not Necessarily Higher Profit 
• Rigid Market Specifications May Be 
Uneconomical Due To Weather Or Costs 
During Certain Times 
• Opportunity For More Premiums And Also 
More Discounts 
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PRICINGIFORMULA GRIDS: WHICH FIT AND WHICH DON'T FIT 
Dillon M. Feuz 
Panhandle Research & Extension Center 
Department of Agricultural Economics 
University of Nebraska 
INTRODUCTION 
Over the last couple of years there has been a much greater emphasis on improving 
the quality and consistency of beef. Cattle producers, breed associations, feed suppliers, and 
beef packers have all initiated new value based pricing methods. Grid pricing, formula 
pricing, and strategic alliances are examples of these new value based pricing methods. 
While these pricing methods may differ substantially in the carcass and management traits 
they seek to reward or penalize, they all have one common feature: price is established on 
each individual animal. 
The goals of these new pricing methods are to price cattle based on their "true" value 
to consumers, to reduce problems of inconsistency in the final product, and to send 
appropriate market signals to producers. Pricing accuracy improves as pricing moves from a 
show list to a specific pen to an individual head basis. However, price variation also increases 
when pricing on an individual head basis. Cattle are not created equal, or at least do not 
produce equal carcasses. They have a different value. 
What is the true value of a carcass? Do consumers only want upper choice product? 
Do all consumers want lean beef? There are different markets for beef and each market 
places a higher or lower value on certain traits. Some of the grids, formulas and alliances 
seek to target different consumer markets by placing greater premiums on selected traits and 
greater discounts on others. The true value of a specific animal is therefore dependent upon 
the target market. To achieve the greatest economic return, it is necessary to match cattle to 
the market for which they are most suited. 
The objective of this paper is to outline some of the issues and problems associated 
with matching cattle to the appropriate market. The following questions will be addressed: 
How to choose the "best" grid? How important is the base price to a grid? Is maximizing the 
sale price equivalent to maximizing revenue or profit? What are some of the industry 
concerns with grid and formula pricing? 
GRID PREMIUMSIDISCOUNTS Al'l'D BASE PRICES 
One of the first steps that should be taken in selecting a pricing grid is to evaluate the 
premiums and discounts applied to various traits. If you are producing lean cattle, then a grid 
with significant premiums paid for yield grade 1 and :2 carcasses will most likely be 
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advantageous. However, if most of your cattle have a yield grade of 3 and you typically have 
several yield grade 4 carcasses in a pen, then a grid with high premiums on yield grade 1 and 
2 carcasses may not be as advantageous as a grid with no discounts on yield grade 3 carcasses 
and only modest yield grade 4 discounts. Similarly, quality grade premiums and discounts 
may be very important for some pens of cattle and during certain times of the year. 
Over time, the premiums for yield grade 1 and 2 carcasses, the upper choice and 
prime premium over choice, the standard discount compared to select carcasses, and the 
discounts for light or heavy carcasses have remained quite stable or fixed on many grids. 
However, the choice-select spread and the yield grade 4 discount are more variable with 
many grids and are dependent upon market conditions. 
Choosing the "best" grid for a pen of cattle is more difficult then simply comparing 
the premiums and discounts of alternative grids with the expected cattle traits. An extremely 
important consideration is the base price of the grid. Two grids may have very similar 
premiums and discounts, but the base prices may be calculated or obtained in very different 
ways. Different base prices have a large impact on the final net price received. 
Base Price Considerations 
There are several issues that need to be considered when evaluating alternative base 
prices. Is the base price a market reported cash price or is it a formulated price based on plant 
averages? How local or regional is the cash price for the base and at what level is the base 
determined e.g. live weight, dressed weight, box beef? The answer to these questions have 
important implications to the value of specific pens of cattle, to the efficiency of the market 
in general, and to the potential for market power and price manipulation. 
Base prices for grids in the Texas-OkJahoma panhandle, Kansas, and Colorado are 
often established using the reported live prices for those regions. In Nebraska the base price 
is generally established using the reported dressed price for Nebraska. Other grids may tie 
the base price to the Live Cattle Futures price. Some grids may simply use the relevant cash 
price series to establish the base price for a USDA choice, yield grade 3 carcass, for example. 
However, it is more often the case that the cash price is just a part of a formula to 
determine the base price. Many base prices are adjusted on a plant-by-plant basis, in 
response to the type of cattle being slaughtered at that plant. Plant average dressing 
percentages are used to adjust live base prices to carcass equivalent prices. Generally 
speaking, if your cattle have a higher dressing percentage than the plant average, then you 
will receive a price premium. Base prices are frequently adjusted for the percentage of cattle 
grading choice or higher at the plant. Yield grades may also be used in arriving at the base 
price for the plant. Data from the plants prior weekJy kill or the average of the three to four 
weeks prior kill is used to establish base-lines for yield, quality grade and other 
specifications. 
185 
A simplified example of how differences in plant averages impact base prices and 
producers net prices for their cattle is displayed in Table 1. There are two plants that have the 
same premiums and discounts associated with quality grades and both plants are using the 
same cash price for a reference. However, the percentage of cattle in each grade differs at the 
two plants. The base price is arrived at by (1) multiplying the premium or discount by the 
percentage of cattle in that category, (2) summing these premiums and discounts, and (3) 
subtracting this sum from the cash market price. The net price for a pen of cattle sold at 
either plant is arrived at by (1) mUltiplying the premium or discount by the percentage of the 
pen in that category, (2) summing these premiums and discounts, and (3) adding this sum to 
the base price of the plant. (This is the exact formula for one specific alliance. Other grids 
have different methods of arriving at the base price, but plant differences are just as 
important. ) 
In the example in Table 1, the net price for the pen varies by $2.95 per hundred of 
carcass weight depending upon the plant base. With Plant A the price from the formula, 
$108.76, is less than the average cash price of $110 per cwt. However, the net price at Plant 
B is above the average cash price. 
A disadvantage of base prices tied to plant averages is that the "true value" of a pen of 
cattle is now relative to the plant average and not an absolute based on the quality of the pen. 
In addition, from a market efficiency point of view, there are different market signals being 
Table 1. Example of Plant Averages Impacting Base Prices and Net Producer Prices. 
Quality Formula Plant A Averages Plant B Averages Sample pen of cattle I 
Grade PrelDis 
Percent PrelDis Percent PrelDis Percent PrelDis 
Prime $6 5% $0.30 2% $.12 
CAB $3 15% $0.45 10% $0.30 13% $.39 
Choice 55% 45% 50% 
Select -$10 25% -$2.50 40% -$4.00 35% -$3.50 
Standard -$20 0% 5% -$1.00 
Base Price = Market Price - Plant Net Premium or Discount 
Plant A $111.75 = $110.00 - (-$1.75) 
Plant B $114.70 = $110.00 - (-$4.70) 
Pen Net = Plant Base Price + Pen Net Premium or Discount 
Plant A $108.76 = $111.75 + (-$2.99) 
Plant B $111.71 = $114.70 + (-$2.99) 
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sent to producers, for producing a similar product. This creates an inefficiency in the market 
place, and will impede the efforts of the beef industry to improve the quality and consistency 
of their product. 
Should base prices be established off from any fed cattle price series, or should the 
base price be established off from a boxed beef or wholesale beef price? There are three 
issues that should be considered in responding to this question: 1) market power and captive 
supplies, 2) thin cash markets, and 3) market efficiency. Many individuals are concerned that 
pricing more cattle on a grid or formula will give packers greater control of the market and 
that packers will decrease bids in the cash market. This will result in lower prices for both 
cash sale cattle and grid or formula sale cattle, since base prices are tied to cash prices. 
Additionally, if more cattle are sold on a grid, and presumably these would be average or 
above average cattle, then the cash markets may become thin and not representative of the 
cattle population in general. This would also tend to decrease the cash market price and 
hence the grid cattle price. As seen in the pricing example above, the current grids and 
formulas tied to plant averages may still be distorting consumer signals and not sending clear 
market signals back to producers. 
Are there remedies to the above concerns? One possibility is to move the base price 
for grids to a box beef or wholesale adjusted beef price. This would address all of the above 
concerns. Packers are always negotiating for higher box beef prices, so this would greatly 
reduce the concerns of market power and price manipulation of the packers in the fed cattle 
market. Grid prices would be reflective of what the packers are selling beef for. The thinness 
of cash fed cattle markets would not effect grid prices, but would still be a concern to those 
not selling on a grid. From a market efficiency standpoint, moving the base price closer to 
the consumer, would likely result in consumer signals being passed more directly to 
producers. 
There are some concerns with establishing base prices off from box beef or wholesale 
prices. This market price is not well reported nor is it understood by many producers. It may 
also be more difficult to establish a base price from one of these series and properly account 
for drop credits, by-product values, and different qualities and cuts of beef. Since packers 
sometimes make a healthy profit on cattle and sometimes "lose their shirt" on cattle, there 
will be times when this base price is much above the cash price and sometimes when it is 
much below the cash price. For large feedlots that sell cattle on a regular basis, these price 
swings should average out. However, for an individual producer who has retained ownership 
and sells one time on the market, these swings in beef prices may present more risk than the 
current cash cattle market does. 
The preceding discussion has raised several issues regarding the importance of base 
prices. Many of these issues do not have easy solutions, but need to be considered by the 
beef industry. At a minimum, producers need to be aware of how the base price is 
determined for the grid on which they intend to sell. 
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MATCHING CATTLE TO A GRID 
Once the premiums and discounts are known and the base price is known for a grid or 
formula, the next set of questions to answer is: Do your cattle naturally fit the grid? Can they 
be fed to fit the grid? Can they be sorted to fit the grid? 
Cattle have a natural end point to which it is most economical to feed them. This end 
point will vary by frame size, breed, genetics within a breed, and market prices. For example, 
one pen of cattle may finish with an average 850 pound, select, yield grade 2 carcass and 
another pen may finish with an average 700 pound, upper choice, yield grade 3B carcass. 
With the first pen, a grid that pays a premium on yield grades I and 2, has no or very little 
discount on select carcasses, and does not penalize heavy weight carcasses will be most 
advantageous. For the second pen, a grid that pays a large premium for upper 2/3 choice and 
prime, does not discount yield grade 3B carcasses and has a relative small discount on yield 
grade 4 carcasses will be most advantageous. However, as noted in the previous section, the 
base price calculations for each grid could alter how profitable it is to sell on that grid. 
If cattle are not naturally lean, can they be fed and managed to fit a grid that rewards 
leanness? If cattle do not naturally grade choice or higher, can they be fed and managed to fit 
a grid that rewards high marbling cattle? 
Maximizing Price vs. Revenue vs. Profit 
In answering the two previous questions, it is necessary to distinguish between 
maximizing the price received, the revenue received, and the profit earned for a pen of cattle. 
Receiving the highest price doesn't imply the greatest revenue, nor does the greatest revenue 
imply the largest profit. Revenue is equal to price multiplied by weight, and profit is equal to 
revenue minus feeding and initial costs. To maximize profit on a pen of cattle, selling weight 
and feeding costs need to be considered, in addition to selling price. 
Consider a pen of cattle that if fed for the normal number of days on feed would finish 
with the majority of the carcasses being yield grade 3 and about 60 to 65 percent choice or 
higher. If these cattle were fed for fewer days and marketed on a grid that rewards yield 
grade 1 and :2 carcasses, what would be the likely result? There would most likely be more 
yield grade 1 and 2 carcasses, the cattle should still grade 55 to 60 percent choice, and it is 
likely that the net grid price would be higher than the cash market price. The grid worked; 
the cattle were sold at a higher price. But what about revenue and profit? Feeding for fewer 
days would result in selling lighter weight carcasses. Revenue is equal to price multiplied by 
weight. Two weeks fewer days on feed would probably reduce carcass weight by 25 to 35 
pounds. If the carcass price is $100 per hundred weight, that is a reduction in revenue of $25 
to $35 per head. If the net grid price was $1 to $2 per hundred weight higher than the cash 
price, and the average carcass weight was 750 pounds, that is an increase in revenue of $7.50 
to $15 per head. Revenue could have decreased by $10 to $27 .50 per head. Depending upon 
feed prices and consumption, feeding costs would likely decline by $20 to $30 per head. 
Therefore, profit could have been reduced by as much as $7.50 per or increased as much as 
188 
$20 per head in this example. The point of this example is that producers need to consider 
more than price when changing the feeding program to fit a grid. It should be noted, the 
higher the general carcass price, the more critical the carcass weight becomes. 
A similar analysis needs to be done if a producer is considering feeding cattle longer 
than normal to improve quality grade for a grid. Normally, the quality grade may not 
increase that much, there will be a larger number of yield grade 4 carcasses and fewer yield 
grade 1 and 2 carcass, there may be some heavy weight carcass, and feeding costs will 
definitely increase. All of these factors need to be considered to determine if profit has 
increased or decreased. 
Sorting 
Can or should pens of cattle be sorted to fit different grids or sorted to sell some cattle 
on the cash market? Sorting cattle to fit different grids may be economical provided a 
producer has a good idea how the different sorts of cattle will look with the hide off. Sorting 
out junk cattle and mixing them with a pen that is sold on the cash market for the average 
market price is a short-sighted approach to marketing. Profits will be increased with that 
sort, but if the practice continues, the average cash market price is likely to decline. 
Additionally, it will delay the time for the industry to eliminate or reduce poor quality cattle 
and may lead to further losses in beef market share and lower fed cattle prices. 
Sorting pens to fit grids or simply choosing the "best" grid or cash marketing method 
to sell a pen of cattle on is more difficult then might be expected. To demonstrate the 
difficulty in choosing the "best" pricing method, ten pens of predominantly black-hided, 
calf- fed steers were evaluated. There was only 100 pounds difference in the average live 
weight of the ten pens, and they were all fed at the same feedlot. They appeared to be fairly 
uniform cattle. However, there were some very important differences in dressing percentage 
and in the percentage of the cattle grading choice (Table 2). 
Sales were simulated on a live weight, dressed weight, and two grid pricing methods. 
Two marketing time frames were considered and two different packer grids were used. The 
USDA S-state weighted average cash price for live steers was $67.77 and 68.941cwt and for 
dressed steers it was $111.48 and $111.09/cwt for the two marketing periods. The choice-
select spread was over $1S/cwt in the first period and was about $6/cwt in the second period. 
Discounts for yield grade 4 carcasses also varied by period. The premiums and discounts for 
the two different packer grids changed to reflect the different choice-select spreads and 
different yield grade 4 discounts (Table 3). 
The results of the simulated sales across the alternative pricing methods and time 
periods are displayed in Table 4. On average, if all the pens were sold via one pricing 
method, then selling on the grid was most profitable in the first time period and selling live 
was most profitable in the second time period. The most profitable grid switched between 
the two time periods. The most profitable method of pricing the individual pens switched for 
four of the ten pens between time periods. 
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These pens are not representative of the cattle on feed population. Therefore, it is not 
correct to generalize which pricing method would be "best" on average for the feeding 
industry. However, the ten pens did appear uniform and do show the difficulty in trying to 
choose the "best" pricing method. 
Table 2. Summary Characteristics of the Ten Pens of Black-Hided Calf-Fed Steers. 
Average Maximum Minimum 
Live Weight 1115 1147 1048 
Carcass Weight 694 721 661 
Dressing Percentage 62.2 64.0 59.6 
Percentage Choice 61.7 77.1 44.1 
Yield Grade 3.0 3.4 2.8 
Table 3. Grid Prices (Carcass $/cwt) for the Two Grids and Two Time Periods. 
Grid A Grid B 
Period 1 Period 2 Period 1 Period 2 
Base Price 118.50 114.00 112.20 112.20 
Prime 7.00 7.00 11.51 6.51 
CAB 3.50 2.50 8.51 3.51 
Choice 0.00 0.00 7.51 2.51 
Select -20.50 -7.00 -9.09 -3.59 
Standard -40.50 -27.00 -19.09 -13.59 
Yield Grade 1 2.00 2.00 3.00 3.00 
Yield Grade 2 2.00 2.00 1.50 1.50 
Yield Grade 3 0.00 0.00 -1.00 -1.00 
Yield Grade 4 -10.00 -8.00 -20.00 -15.00 
Yield Grade 5 -10.00 -13.00 -25.00 -20.00 
Light Weight -10.00 -10.00 -20.00 -20.00 
Heavy Weight -15.00 -15.00 -20.00 -20.00 
Outs -50.00 -40.00 -20.00 -20.00 
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Table 4. Average Revenue Per Head From Selling All 10 Pens via Each Pricing 
Method and The Number of Pens for Which Each Pricing Method is the Most 
Profitable. 
Period 1 Period 2 
Average # of Pens Most Average # of Pens Most 
Pricing Method Revenue Profitable Revenue Profitable 
Grid A 764.59 1 765.26 2 
Grid B 771.09 3 762.87 1 
Dressed 764.30 4 761.59 3 
Live 755.38 2 768.42 4 
SUMMARY AND IMPLICATIONS FOR THE BEEF INDUSTRY 
Pricing fed cattle is becoming more complex, as there are more available alternatives. 
There is not one "best" pricing method for all cattle all of the time. In fact, the most 
profitable pricing method will depend upon cattle type, market prices, grid premiums and 
discounts, and base prices for the grids. It may be difficult to know based solely on visual 
appraisal which pricing method to use. 
There will be winners and losers from the new marketing environment. A producer 
who has cattle that are better than average, particularly better than the plant average for a 
grid. and that fit a specific grid, may see net returns increase by $25 to $50 per head. 
Likewise, producers of poorer quality cattle - cattle that don't grade well, have a lower 
dressing percentage, have more dark cutters, hard bones, etc. - will likely see returns 
decrease by over $50 per head. 
Implications 
If a significant number of producers begin sorting their cattle and selling the higher 
quality cattle on a grid or formula and continue to sell the rest of the cattle on the live weight 
market or in-the-beef, then what are the implications for the quality and hence the price in the 
live or in-the-beef market? If packers identify that their is a quality difference between 
formula priced cattle and live weight priced cattle, then they will obviously try and purchase 
the live weight cattle for a lower average price. However, if the grids and formulas base 
prices remained tied to the live or in-the-beef cash price, then the net price on the grid or 
formula will also decline. To be a "truly" value-based pricing system, the premiums would 
have to increase if the base price declined for sellers to remain equally rewarded for 
producing a superior product. 
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An alternative solution to the above dilemma is to free the base price from the cash 
fed cattle market and to tie it to a box beef price or a weighted average wholesale beef price 
or index. From a market efficiency perspective, if an appropriate box beef or wholesale beef 
price could be used, then the price of fed cattle sold on a grid or formula would be tied more 
closely to the final consumer market. However, this base would not reflect changes in the 
hide and offal market that a packer bid may reflect. 
Another alternative is to have grid and formula prices reported in the market place. If 
either packers or feeders reported the net price received from selling on a grid or formula, 
then these prices could be averaged in with the reported cash sales. In this manner, market 
prices should be reflective of all cattle being sold. This should reduce concerns that the cash 
market will become thinner and may represent a different quality market. 
In conclusion, as pricing moves away from pricing all cattle on a show list at one 
price, to pricing each individual pen, to pricing each individual animal on a grid or formula, 
pricing accuracy should improve. Consumer signals for various product traits should reach 
producers in a more direct manner. Overall efficiency in the beef industry should improve if 
cattle are fed and targeted for the market to which they have the most natural fit. 
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INTRODUCTION 
U.S. Premium Beef, Ltd., is a closed marketing cooperative formed July 1, 1996. Our 
mission statement speaks volumes about why we formed. It reads: ''To increase the quality 
of beef and long-term profitability of cattle producers by creating a fully integrated producer-
owned beef processing system that is a global supplier of high quality value-added beef 
products responsive to consumer desires." 
WHAT BROUGHT US HERE? 
The U.S. beef industry has lost more than 25% of its market share to competing 
protein sources since 1975. We are an industry that is built on averages - selling calves on 
average to feeders and selling finished animals on average to packers - and that, among other 
factors, has caused us to put too much unacceptable product in the meat case. In 1994, 
consumers told us that lout of 4 steaks was too tough. Twenty-five percent non-acceptance 
rate! What industry could survive, much less prosper, with such poor performance? 
A desire to change that led a group of producers from all segments of the industry to 
form a steering committee to design a vertically integrated system that would encourage 
producers to produce better quality beef They considered the options of building a 
processing facility as well as custom processing arrangements to process cattle, but decided 
the risks of marketing the beef into the retail market place without an established partner 
were simply too large. For that reason, as well as a number of others, our Board ultimately 
opted to pursue purchasing one-half of an existing processor who shared our philosophy and 
goals and who already had established a quality reputation in the marketplace. 
On July 31, we announced that we had signed an agreement to purchase 50 percent of 
Farmland National Beef from the John Miller Management Group and Farmland Industries. 
I want you to understand that we are purchasing more than simply one-half interest in two 
processing plants located in Liberal and Dodge City, Kansas. Our agreement was to 
purchase one-half interest in the entire beef processing company, which includes the value-
added and marketing divisions. 
It also includes equal ownership in the brand labels already established, such as the 
Farmland Black Angus label as well as any labels they create in the future. For example, 
they will introduce a new non-breed-specific brand early next year, and our stockholders, 
along with Farmland Industries, will own that new brand. Today Farmland National Beef is 
marketing 25 percent of its beef as value-added or branded beef which has three times greater 
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profit margin than commodity beef Sixteen percent ofFNB's beef is sold into the 
international marketplace - much of that is high-quality, value-added beef 
During September and October we conducted a successful stock offering to purchase 
a portion of Farmland National Beef Processing Company. We now have stockholders in 12 
states from all regions of the United States. Our Board has extended USPB's stock offering 
to enable us to sell additional stock to get to the 50 percent ownership level. Our agreement 
with Farmland Industries enables us to sell a minimum of 600,000 shares and a maximum of 
1.2 million shares of stock, which would put USPB at 50 percent ownership of Farmland 
National Beef. At the time of this writing we believe we will be processing cattle by the date 
of this Range Beef Cow Symposium meeting. 
HOW CAN YOU PARTICIPATE? 
Assuming there is still stock to purchase when I'm giving this talk and that our Board 
has extended our stock offering, producers will be able to join USPB and purchase stock. 
Membership costs are $500 plus $2 per head registration fee. The stock purchase price is 
$55. That gives you the right and obligation to deliver one finished animal per share per year 
to our processing plants. USPB stock is marketable, so in the event you want to exit the 
business, you will be able to sell your stock or transfer it to an heir. 
We've structured this system to include participation from all segments of the 
industry. That's important in that it ensures a buy-in from all segments to produce better 
quality product. It also gives cow-calf producers another option to participate in USPB. We 
have feedlot members who have purchased blocks of stock to lease to their customers as a 
service to enable those customers to sell their better quality cattle into a value-added system. 
Some of those cattle feeders are even offering lease-to-buy options to their customers so that 
after leasing the shares for a number of years, the customer owns the USPB stock. At this 
time it looks like the typical charge for leasing a share ofUSPB stock will be approximately 
$10. 
The leasing option provides producers with an opportunity to participate in a 
vertically integrated system without having to make a significant financial investment up 
front. When producers lease shares ofUSPB stock they get all the advantages of marketing 
their cattle into USPB except the appreciated value of the stock. In other words, they get to 
sell their cattle on our grid, they get a $.50 per cwt. Transportation credit when their cattle are 
taken to our processing plants, individual carcass data at no additional charge and the 
patronage dividend based on one-half of the earnings of Farmland National Beef. The 
downside to leasing shares is not knowing that they will always be available to lease and, of 
course, not getting to participate in the appreciation of value we believe USPB stock will 
experience. 
SELLING ON THE USPB GRID 
We believe our grid is a competitive grid designed to reward better quality, but not so 
tough that it will crucify the less than ideal carcasses. It is a starter grid which will help our 
stockholders learn how to produce and deliver cattle on a grade and yield system. Let's take 
a look at the specifics of our initial grid and how cattle will be priced on it. (See next page.) 
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U.S. Premium Beef Cattle Settlement Grid 
Cattle Type 
The program is non-breed specific; however, National Beefs reputation in the marketplace was built 
on providing high quality beef products. Cattle types with heavy Mexican influence do not support our 
product philosophy, regardless of grading characteristics. 
Base Price 
The base live price for the grid will be the practical live market top in Kansas, Texas and Oklahoma 
reported by the USDA for the week the cattle are killed For purposes of the grid, the practical top is 
defined as the lower of the top price reported or the weighted average price plus $.50 per cwt. The 
base live price is converted to a hot price using the actual weekly hot yield for non-formula cattle. 
Premiums & Discounts 
Actual performance for cattle marketed under the grid formula will be compared to the performance of 
non-formula cattle for the preceding four-week rolling average of kill with premiums and discounts on 















Choice + $8.00/cwt 
Choice + $3.50/cwt 
USDA Cutout spread 
USDA Cutout spread 








It is understood that the premium/discount structure will be modified as new programs are developed 
that warrant inclusion in the table such as hide value, feeding vitamin E, etc. 
Price Guarantee 
For a period of 150 days from the date of the first cattle shipments from U.S. Premium Beef, sellers 




All cattle sold on formula will be issued a cash advance equal to 95% of the estimated value on the day 
of kill. A final check will be issued when final grade is determined, typically 2 to 3 days from kill. 
National Beef is responsible for lining up transportation and for all costs associated with transporting 
live cattle from the feedyard to the plants. However, freight charges in excess of $.50/cwt will be 
deducted from cattle proceeds. 
Carcass Data 
At the time of delivery, the seller can elect to have carcass data collected and provided to him at no 
extra charge. 
Forward Contracting 
U.S. Premium Beef will offer to members selling cattle under the grid the option to forward contract 
cattle up to 6 months in advance. Each week a basis will be offered for future delivery periods. All 
forward contracting intentions must be communicated to the central procurement office with order 
execution during market hours. 
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Program: 
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Hot Weight: 
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Base Live Price (Lower of two) 
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USDA Choice 550/700 Cutout 
USDA Choice 700/850 Cutout 
Average 
USDA Select 550/700 Cutout 




% Lbs. % 
63.33% 37,651 49.45% 
2.6<J01o 0 0.00% 
22.60% 0 0.00% 
1.60% 0 0.00010 
5.01% 10,918 14.34% 
40.67% 40,994 53.84% 
50.85% 22,629 29.72% 
3.47% 1,599 2.10% 
2.02% 
0.75% 
Equivalent Live Price 





































The unique thing about our grid is that our stockholders have equal governance over 
it. In other words, when our grid needs to change, we will have equal input into how it 
changes. There's not a doubt in my mind that our industry is moving to a grade and yield 
selling system. I'm just as certain that processors will not give producers equal input into 
how the grid on which they price their cattle is set. Today and in the future, that is and will 
continue to be, a huge advantage to USPB stockholders. 
Let me give you several examples of why I say that. We all know unbranded hides 
are worth more, but who is offering any significant premium for clean hides today? 
Likewise, we also know that feeding vitamin E will extend the shelflife of beef, yet few, if 
any, cattle feeders are doing that because no one pays them to do that. Because our 
stockholders will own half of our processing company, and along with that have equal 
governance over our grid, we will be able to offer economic incentives to our producers to 
encourage production of better quality product. 
I also like to use the Certified Angus Beef program as an example for how our 
stockholders will benefit from having equal governance over our grid. Only approximately 
17 percent of the cattle identified for CAB in the processing plant today actually end up 
qualifying for that brand label. Why is that? I think it's largely because there hasn't been a 
significant premium paid to producers for producing that higher value product. When we set 
our grid we decided to pay our stockholders a $3.50 per cwt premium for every CAB carcass. 
In other words, on a 750 lb. CAB carcass the owner will get a $26.25 premium in addition to 
the Choice premium which, on average, is approximately $7 per cwt. Would you change 
your program to produce more CAB carcasses if you knew you could get that kind of 
premium? I think Angus breeders would have to rent the neighbor'S pasture to produce 
enough bulls if every commercial Angus calf producer could get that kind of premium for 
CAB carcasses. 
The same concept applies to other breeds or to other production practices that 
improve the quality of product offered to consumers. We all know consumers pay more for 
CAB steaks. Today there is a several-hundred-store waiting list for Farmland National 
Beefs Black Angus labeled product. Tomorrow, we believe there will be that same kind of 
demand for Farmland's new non-breed specific branded product if the quality and 
consistency is there every time, and our stockholders intend to see that it is because they'll 
share in the profit from producing it. 
In these few brief moments I've given you an overview of US . Premium Beef - the 
only true producer/processor partnership designed to benefit producers, the processor and 
consumers. This is a unique opportunity for beef producers to take more control of their 
destiny by participating in the value-added portion of their business. I believe it is the only 
large-scale opportunity beef producers will have in the foreseeable future to fully integrate 
their beef operations in an equal ownership basis. I'd encourage you to participate. Thank 
you. 
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FINK BEEF GENETICS 
Galen Fink 
Manhattan, KS 
Started in 1977 as a purebred Angus program based totally upon artificial 
insemination (A.I.), Fink Beef Genetics has been dedicated to breeding predictable 
performance for beef producers. It is a family-owned business that I operate with my wife 
Lori and our daughter Megan. 
Recognizing the Angus breed for its maternal strength, we built our program by 
stacking generations of proven sires and great Angus cow families. The direct influence of 
landmark sires such as AAR New Trend and Emulation N Bar 5522 headline their 
foundation. The most important tool used in building our herd has been high accuracy 
EPDs of sires, backed by cow family production records, longevity and udder soundness. 
The cowherd is the strength of our program. The product of at least six generations 
of objective performance and a "cowman's eye," the females have built the Fink Angus 
name. Their matrons are real beef cows with that "mother cow" look. They are practical, 
functional, productive and structurally sound. They are well-balanced with the inherent 
and proven ability to breed, milk, and produce pounds of beef. 
Fink Angus is a nationally recognized source of predictable problem-free Angus 
genetics in volume with sales to cattle producers in nearly every state. Proven sires 
dominate with 80 to 90% of the calf crop sired by Sire Evaluation leaders with 100 or more 
daughters on record. This takes the guesswork out of genetics. Our bulls sire appropriate 
levels of milk, are moderate frame, "good-doing" stock offering optimum performance 
balance. 
High accuracy sires enable us to provide meaningful marbling and ribeye 
information backed by generations of carcass data. Fink-sired cattle have proven 
themselves through customers' feedlot ownership, to combine superior gainability with a 
typical 95 + percent choice quality grade within industry standard yield grades of 1, 2 and 
., 
.J. 
Our production unit is comprised of 150 registered Angus cows critically selected 
for many generations. They are complemented by one of the largest, most practical cost-
efficient embryo transfer (ET) programs in the country. This allows rapid production of 
superior generations. One of the first to pioneer ET cooperator herds, Fink Genetics now 
transplants 800-1000 embryos annually. This supports mass production of full brothers, 
increasing predictability and uniformity in the herds of our commercial bull customers. 
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The discussion to this point has basically described our "roots" in the business. I 
would now like to briefly discuss some of the additional programs we are involved with in 
order to enhance our customer services and expand our role in the beef industry. 
TERM-A-BULLS 
Fink Fl "Term-A-Bulls" are bred and promoted for use in terminal-cross programs. 
Established in 1991, the objectives of the "Term-A-Bull" program are to: 
1) take advantage of heterosis or hybrid vigor in order to enhance 
growth and reproductive performance and, 
2) Use Continental-breed genetics to improve yield grade and produce less 
carcass fat. 
"Term-A-Bulls" is a totally separate program from Fink Purebred Angus. Based 
totally on embryo transfer and upon our most-proven Angus cows, this is a co-op herd 
project with Bill Brooks of Olsburg, Kansas. 
There are four "Term-A-Bull" lines. A straight Angus line is available that has 
been bred for growth and carcass strength. Three F I lines include Angus x Black 
Simmental, Angus x Tarentaise (the modem Continental breed) and Angus x Charolais. 
These three lines emphasize carcass, maternal or pounds of performance, depending on the 
cross. There are also options of half and three-quarter blood Angus. 
Fink "Term-A-Bulls" are the product of planned crossbreeding based upon proven, 
high accuracy genetics. They have been developed to produce an end product without 
changing the working female factory's role as an efficient range-country survivor. 
INTEGRATED GENETIC MANAGEMENT, INC. 
Integrated Genetic Management, Inc. (IGM) is based in Canyon, Texas and 
provides superior genetics and genetic management services to commercial and purebred 
cattlemen. Co-founded by Finks and three other breeders, IGM, Inc., features competitive 
prices and unique customer services. 
IGM, Inc. is built upon sales of semen from leased sires. A full line of A. I. supplies 
is also available. Company services include custom A.I. breeding, customer feeder cattle 
and replacement heifer marketing, consignment to a value-added branded beef program 
and new total herd genetic planning services. 
IGM, Inc. is now an exclusive feeder and finished cattle buyer for Premium Gold 
Angus, Inc., an Austin, Texas based company that markets high quality beef to progressive 
grocery chains and upscale restaurants. This is the first time ever for a full-service genetics 
firm and branded beef company to join forces in a total marketing effort. 
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GENETICS PLUS, INC. 
Genetics Plus, In~. specializes in marketing genetically superior, professionally 
developed replacement heifers. Co-founded by us, it serves as a replacement heifer source 
for terminal crossbreeding herds and as a marketing option for maternal breeding programs 
that produce replacement quality females. 
Genetics Plus is designed to provide exactly what commercial or purebred 
cattlemen need for replacement females. Customers place their order with exact 
specifications for number of head, breed or breed crosses, mature weight, service sire of 
choice, and calving date and interval. Genetics Plus locates a supply of those heifers, sorts, 
rigidly culls for quality and ships them to the Genetic Plus co-op facility for processing and 
development. The heifers are then synchronized, AI bred and through ultrasound 
technology, even the sex of fetus is guaranteed. 
Terminal herd producers who purchase Genetics Plus replacements are investing in 
identified maternal genetics and making efficient use of ranch and labor resources. They 
eliminate the need for low birth weight "heifer bulls," can use their grass to run more 
mature cows and will experience a shorter calving season and quicker re-breeding due to 
synchronization. In addition, they can potentially market the resulting heifer calves 
through Genetics Plus. 
Suppliers of Genetic Plus heifers are paid an appropriate premium for quality 
replacements and identifiable superior maternal genetics. Bonuses are paid for superior 
reproductive performance. In addition, a program is available for Genetic Plus to manage 
development and breeding of a supplier's own replacements. 
Genetic Plus programs have proven to work for both buyer and supplier. Joe 
Rickabaugh manages Genetic Plus, Inc. and is based in Topeka, Kansas. 
FINK MARKETING SERVICE 
We want to be known as a full-service breeder. Therefore we have established a 
marketing service for bull customers' feeder cattle. Programs include rancher-feeder 
retained ownership alliances, private treaty feeder cattle sales and special feeder calf 
auctions. 
"New to the industry" Fink-Influence Feeder Calf Sales, initiated in October of 
1995 at Manhattan (Kansas) Commission Co., are scheduled to feature consignments sired 
by Fink Angus and "Term-A-Bull" genetics. 
Buyers have bid competitively at previous sales selecting from this large source of 
cattle with identifiable genetics and known health management backgrounds. Many 
consignments were backed by previous herd feedlot data. Through these sales, commercial 
ranchers have been able to sell on a market that has paid added value for their genetics and 
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management. Also, buyers bid more competitively on smaller consignments of "similar 
cattle" that could be pooled to build "load lots." 
Special marketing seminars have been organized for cattlemen desiring to sell "for 
more value." Their purpose is to provide more information concerning marketing options 
available and how they might use them. In the past, industry leaders have presented 
forums on retained ownership, commercial auction market programs, branded beef and 
selling replacement heifers. 
Finks also present customers with the opportunity to sell quality commercial 
females in their Fink's Genetics annual bull sale. The bred and open heifers have been a 
popular sale feature. 
More recently, we entered into working relationships with the fourth (Farmland) 
and fifth (Beef America) largest packers in the U.S. We are also working with Decatur Co. 
Feedyard in Oberlin, Kansas and their electronic tracking system. These alliances will 
allow Fink-influenced cattle to provide greater economic benefit because of their carcass 
merit in addition to their excellent gains and feed conversion. 
Fink Genetic Credit was developed to reward Fink bull customers for making an 
effort to see how their cattle do on the rail. This credit is available on retained ownership 
cattle, cattle sold at auction or private treaty as long as the cattle are tracked to slaughter 
and accurate carcass data is provided to Fink Beef Genetics. Our customers earn $8.00 per 
head credit for cattle that are compared to reference sires and whose slaughter data is 
eligible to be processed by the American Angus Association. They earn $4.00 per head for 
data that has an individual sire ID and $2.00 per head for data from full brother, multiple 
sire ID cattle. 
The goal of Fink Marketing Service is to realize to our customers more value for 
identified genetics, high ouality and proven performance. 
LITTLE APPLE BREWING CO. AND RESTAURANT 
A leading Manhattan, Kansas eating establishment, The Little Apple Brewing Co. 
and Restaurant is co-owned by my wife and I along with a small group of fellow Angus 
breeders and integral team members, manager Russ and Kelly Loub. 
"The Little Apple" completes the circle of Fink Beef Genetics' total industry 
involvement from cow herd to consumer. Featuring Certified Angus Beef, it is "The 
Steakhouse in Town," building a reputation upon high quality product, superior customer 
service and good atmosphere. We have found that this experience has proven the value 
consumers place upon quality and service. 
Restaurant ownership and marketing the end product have emphasized the 
importance of predictability. quality and efficiency all the way from cowherd genetics to 
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CARCASS VALUE MARKETING 
Dick Kjerstad 
Kjerstad Feedyard, Quinn, SD 
Introduction 
A. Importance of individual source identification as it relates to carcass value 
B. Criteria for USDA Quality Grades 
C. Criteria for USDA Yield Grades 
Carcass Value Marketing 
Individual source identification may be the most important tool we can use when we 
sell cattle on carcass value. We have proven that genetics of an individual animal has more 
impact on the value of the carcass than any other single part of growing and finishing an 
animal for slaughter. 
Complete source identification allows us to track an animal from the day they are 
born all the way to the retail counter. We must be able to not only track but collect data and 
return the information back to the producer. If the producer receives information and data on 
their cattle it allows them to make the right genetic decision to produce a carcass that will be 
the highest return when selling on a value based market. Source identification allows a cow-
calf producer to market their feeder cattle in many different ways, without owning them until 
the finished product and still receive data back to make the very best decision for the next 
year's breeding program. 
Source identification allows a producer to benefit from value based market without 
taking the risk of feeding their cattle to a finished carcass. During the next marketing season 
a producer can use the data base to market their livestock. 
Neither value based marketing or source identification will produce positive results 
unless you have done your homework and are using the right genetics for your chosen 
outcome. There are a number of different formulas for value based markets. These formulas 
range from very lean to the highest choice quality. All indications would tell us that most of 
the industry is moving toward a choice quality. 
It is important that we understand what the criteria is for detennining carcass value. 
The two most important and most often used is Quality Grades and Yield Grades. 
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The criteria for USDA Quality Grades are: 
1. Maturity - If the age of the animal falls in the B. maturity and are Low 
Choice or Less they all become Standard Grade. 
2. Marbling - Slightly Abundant - Prime Modest - Upper Choice Small 
- Lower Choice Slight - Select 
3. Color of Lean 
4. Texture 
5. Firmness of Lean 
We also gave Standard Grade but for the most part there would be very few standard 
grades other than B. Maturity cattle. 
The criteria for USDA Yield Grades are: 
1. F at Thickness 
2. Hot Carcass Weight 
3. Rib Eye Area 
4. Percent Kidney, Heart and Pelvic Fat. 
The yield grades are 1 through 5 with yield grade # 1 being the least fat and yield 
grade #5 being the most fat. The percentage of lean in a retail cut yield grade # 1 is between 
80.2 - 84.3%. The percentage oflean in retail cut yield grade #5 is 61.8 - 65.9% with 2, 3 
and 4 falling somewhere in between. 
I am inclined to believe there is a great future in the Beef Industry for those who are 
improving their genetic through source identification. We must in the future be more 
involved in the end product on the retail shelf, such as a brand name product. 
Richard and Patty Kjerstad, along with their four sons, have a livestock, farming, hardware 
and lumber operation at Wall, South Dakota. 
Richard Kjerstad has served as a Director, Vice-president and is President of the South 
Dakota Farm Bureau. He is a Director for the Golden West Telephone Company located in 
Wall. 
The livestock operation consists of a cow-calf, grazing, yearlings and a 8, 000 head kedlot. 
The cattle in the feedlot are all tracked for carcass value and sold on a grid formula. 
The farming operation consists of a no-till continuous crop rotation of winter wheat, spring 
wheat. safflower, sunflowers, millet, com. peas, and alfal[a. 
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INNOVATIVE MARKETING AND ANGUS AMERICA 
Douglas Hoff 
Scotch Cap Angus Ranch 
INTRODUCTION 
Marketing sounds easy, right? All that you have to do is sell when the market is high 
and buy when it's low. The problem is that only God could accomplish this! Even if we had 
the time to do the research required to make these predictions they're still, at best, only 
educated guesses. How does a cow/calf producer market in an innovative manner when he 
only has the option to go to a sale bam, an order buyer, or a feedlot with his years' work, just 
to get the same average price? 
ANGUS AMERICA, DEFINITION AND GOALS 
Angus America is a total service company designed to help commercial producers find 
their best marketing options and to assist them with other production and management 
problems. It isn't a cure-all for everything that plagues us, but if utilized properly it has been 
designed to help not only the commercial cow/calf producer but the entire beef industry. 
The goals of Angus America may seem very ambitious, but I believe that they can be 
accomplished. It won't be easy, but nothing worthwhile usually is. Our first and primary goal 
is to increase the income of the producers involved while maintaining their independence, and 
to assist them with herd improvement, management and marketing. Our second goal is to 
increase consumer demand for beefby having products available to them that are consistently 
safe, of high quality, and eat the same. Our final goal is to unite the beef industry and to 
promote good will and cooperation between everyone involved in the production of beef 
IMPROVED MARKETING 
The first step in innovative marketing is change. If you always do what you've always 
done you'll always get what you've always gotten! If you're tired of getting an average price 
for your cattle you must change the way that they are being marketed. Many people are afraid 
of value-based markets, and if they have poor quality cattle, their fear is justified. But if you 
truly are interested in helping our industry you must realize that one of our biggest product 
problems is inconsistency in quality. How are we ever going to change this if there isn't an 
incentive in the marketplace to produce quality? On any given day two steers that brought 
within a few dollars of the same price when they were sold live can have as much as a $300 
difference in value at processing. The good producers are subsidizing the poor producers. 
Value based marketing is one way to overcome this situation. 
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Another way to improve beef marketing is to promote cooperation between all 
segments of production. Angus America has proven that this is possible, and strategic alliance 
studies have shown that there is a significant savings per animal when this is accomplished. 
The message that Angus America is sending is that we, as members of the beef production 
team, are all in this together. Our enemies and our competition aren't each other but, rather 
the other protein and meat sources. We'll never, thank goodness, integrate the beef system as 
the pork and poultry people have integrated theirs, but we certainly can have cooperation and 
unity in our system and can learn from what others have accomplished. 
FUTURE MARKETS 
Many knowledgeable people in our industry predict that in the future we'll have two 
distinct markets. The primary market will be source-verified cattle with performance and 
carcass data and herd health histories. The other will be a discounted market for cattle with 
no verification or history. Most producers are close to maximizing their production potential, 
and the only logical way to improve their herd is to start selecting for carcass traits which 
could significantly add value to their cattle. Our current average pricing system sends the 
message that all cattle are equal, but as we move to value-based systems, the pricing gap 
could widen considerably. The intelligent producer will recognize this fact and make sure that 
he doesn't get caught on the wrong end of this future market by starting to source-verify his 
cattle now. Angus America is a company that has developed a working relationship between 
purebred suppliers, cow/calf producers, feedlots, and a packer. Part of its mission is to help 
commercial producers with their source-verification and to insure that they get paid premiums 
for verified quality. I will be the first one to tell you that Angus America isn't for everyone, 
and that you may want to design your cattle to fit another program. Whichever direction you 
decide to take, it will still be mandatory that you can verify your production capabilities and 
that you breed your cattle with a purpose. 
ANGUS AMERICA SERVICES, BENEFITS, AND FEES 
There are several services that Angus America performs currently, and new services 
will be added to meet producer needs. The first of these services is the gathering of feedlot 
and carcass data. Once this is accomplished the data is presented to the producer for use in 
herd improvement and promotion. The data is stored by Angus America for the producers so 
they can make yearly comparisons, gauge improvement, and establish history. 
Another service is management and genetic counseling. Dr. Ken Conway, company 
manager, is available to examine and explain your data to you and help you with any 
management needs, some of which may be having an affect on the way your cattle are 
performing and or grading. Genetic counseling and advise may be obtained from myself or 
any of the other purebred breeders that are associated with Angus America. These seedstock 
producers will also give semen and bull discounts to commercial producers that are marketing 
through Angus America, which is a direct benefit and often can pay your fees l 
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A marketing service for replacement females is currently available. This service will 
help you sell or locate high quality replacement females. As you compile carcass data your 
herd could become a source of seedstock for other producers, and Angus America wants to 
help you market them at a premium also. Regional females sales are likely to be held in the 
future, as more carcass data is compiled. 
Another direct benefit is an exclusive carcass merit pricing formula which is available 
to producer members or to whomever sells their cattle. It is available through Beef America 
Packing Company, whom I have found to be very concerned about producers and whose 
goals for the beef industry closely parallel ours. They, as we, consider food safety and quality 
to be our most important objectives, and I think that their food safety procedures are second 
to none in the industry. Angus America is currently developing its own line of branded beef 
products and when this is accomplished it will further enhance this formula. The formula is 
considered one of the industry's best as it is, but it is nevertheless under constant research and 
improvement. 
Another benefit is the flexibility of Angus America. Members may feed their own 
cattle or use any feedlot that they want to. If a producer needs help in locating a feedlot we 
will be happy to assist and give them a list of approved feedlots that are currently working 
with the program and that will custom feed, partner or purchase member cattle. 
The fees that are charged for Angus America services are very minimal. A $2 per calf 
sold in the system fee is charged along with a $3 fee for individual carcass data which includes 
hot carcass weight, quality grade, yield grade, CAB or AFC, and individual carcass price over 
or above average. Individual REA measurements are available at an extra cost. 
To qualifY for the Angus America branded beef products you must certifY that your 
cattle are at least 50% Angus (black or red) with no dairy or Brahman influence. A minimum 
of 3 5 head is required, but you are allowed to combine your cattle with someone else's to 
reach this number. Remember that even if you are a member and pay the $2 fee you are never 
obligated to market through Angus America. We will explore other marketing options with 
you and determine which makes you the most money as our goal will always be to make the 
beef business as profitable as we possibly can for you. Your independence is always totally 
maintained with Angus America. 
Cow/calf producers have several ways that they can utilize Angus America services. 
The best is usually to retain full ownership, but in many cases this isn't possible. Most 
feedlots will partner with you on your calves, allowing you to receive money in the fall and yet 
retain some interest in them. If you plan to sell directly, or have already done so, make sure 
all tags are retained and determine where your cattle are located. In many cases we can still 
get them into the system and start your data base. Feeders that have a set of cattle that they 
think will qualifY can find out where the cattle originated and get them in the program. They 
can then give that person the option of receiving the carcass and performance data. If the 
cattle can't be source verified they can still utilize the Angus America formula but the cattle 
won't be eligible for our branded beef products or our branded beef premium. 
There are presently around 40 purebred Angus breeders working with Angus America. 
A current listing is available. Each of these breeders will be happy to assist you with your 
genetic needs, and will also help you make the decisions necessary to improve the profitability 
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of your herd. These are all progressive breeders that are interested in carcass quality and have 
dedicated themselves to helping their customers receive the highest possible return for their 
cattle. I am one of those breeders and am very proud to be associated the others. I don't 
consider them to be competition, but rather as friends working with me toward common 
goals. I would never hesitate to recommend anyone of them as a source of seedstock for 
your operation. 
CONCLUSION 
As a final thought I would like you to picture an America with no beef. What would 
this do to the value of ranches and the way oflife that we and generations before us have 
struggled to build and preserve? I don't want to cry wolf, but it could happen. Who would 
have ever imagined a few years ago that chicken would surpass beef in consumption? Who 
would have thought that they'd see SD restaurants that don't serve beef and feature turkey 
steaks? Look at what happened to European producers after the mad cow scare. Look at 
what happened to Hudson Foods recently, and what the E-coli scare has done to us. 
Vegetarianism is the "in" thing right now among much of our young population, and there is a 
very large contingency that is doing everything that it can to abolish ranching and cattle 
grazing. We as producers and businessmen and women, must realize that if we didn't produce 
a single pound of beef tomorrow, no one would starve. That is why I would urge you to help 
myself and Angus America unite our industry so that we can speak and act as one. Please be 
vocal, be political, and support programs like Angus America and others that are fighting to 
preserve our heritage and our industry. And please breed your cattle with specific goals and 
targets in mind, realizing that we can no longer afford to focus only on quantity. The modem 
consumer demands quality and consistency. If we don't supply their needs, they will 
inevitably turn to other products. 
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GRAZING ANIMAL DIETS: WHEN TO SUPPLEMENT 
Doug Zalesky 
Department of Animal and Range Sciences 
South Dakota State University 
INTRODUCTION 
Despite the fact that we live and operate in the age of technology, the age old 
question of precisely when to start or when to end supplementation of grazing animals 
remains. Often the determination of when to begin and when to end supplementation is not 
based on sound nutritional and/or economic reasons. Currently no one technology or 
gadget is available that precisely determines when that window of needed supplementation 
exists. Tradition and the educated guess method has served to make that decision. 
The use of such programs as SPA (Standardized Performance Analysis) has allowed 
producers to more accurately determine the actual costs of maintaining cows on a year 
around basis. SPA information has shown that feed costs account for as much as 40-70% 
of yearly cow costs. Supplemental feeds makes up a significant portion of that amount and 
producers have become more interested in attaining the most out of their supplemental feed 
dollars. Two undesirable costs related to supplemental feeding can occur: 1) excessive cost 
due to overfeeding and 2) costs due to lost production which result from underfeeding. 
Efficient supplementation programs require attention to three key factors: 1) 
determination of the window of need for supplemental feed, 2) determination of the 
appropriate supplement and 3) determination of the proper amount of supplemental feed. 
In order to develop an efficient supplementation program for grazing animals and to make 
the determination of when that supplementation should occur, one must have information in 
two areas. First, it is necessary to know the nutritive value of the forage being consumed by 
the animals. Secondly, to know the nutritional requirements of the animals consuming the 
forage. While, several factors, such as stage of production, sex of the animal, age of the 
animal and performance goals or objectives influence nutritional requirements, many 
sources (ex. National Research Council) exist that give reliable guidelines on nutritional 
requirements for animals. Such guidelines address one of the two above mentioned needs 
to develop and implement an economically efficient supplementation program. The use and 
application of the new NRC requirements for beef cattle is addressed by Dr. Ivan Rush in a 
subsequent paper and presentation. 
The purpose of this paper is to address the remaining issue of determining the 
nutritional value of the forage being consumed by the grazing animals and to review current 
research on methodologies that address this issue of when to supplement grazing animals. 
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WHAT THE FORAGE PROVIDES 
The weak link in answering the question of when to supplement grazing animals has 
been a lack of knowledge regarding the actual nutritional value of the forage being 
consumed. An understanding of what the forage is providing requires knowledge in: 1) 
forage intake, 2) forage availability and 3) the actual nutrient content of the forage. 
Knowledge of these three factors can provide a producer a more accurate picture of whether 
or not the nutritional requirements of the animal are being met and whether or not 
supplemental feeding is necessary. 
Forage Intake 
Research results have shown that nutritive value of the forage impacts intake of the 
forage by an animal. As nutritive value decreases in the forage, intake of the forage 
decreases as well. A study by Cochran, 1995 best illustrates this effect. In an examination 
of 17 different forages varying in protein content from 1. 9 - 17.4 % and digestibility from 
37 - 73%, intakes varied from 0.5 to 2.9% of body weight. Figure 1 illustrates the changes 
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Figure 1. Effects of changes in forage CP content on changes in voluntary forage intake. Modified 
from Cochran, 1995. 
The results reported by Cochran, 1995 indicated that forage intake as affected by protein 
content decreased at about 6.3% crude protein and continued to decrease as protein content 
continued to decrease. A similar study by Bowman, et al. (1995), reported similar findings 
with a point of inflection of about 6.0% crude protein. From these studies one could expect 
that forage consumption would decrease with forages that have crude protein content of 
< 7.0% protein. Since the energy value of forages is' positively correlated with protein 
content, depressed energy values would be expected as a result of lower forage intakes with 
lower quality forages. Thus, nutritional requirements for both protein and energy may not 
be met due to a combination of low nutritional value of the forage and decreased intake. 
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A variety of methods exist for accurately determining forage intake, however these methods 
are expensive, time consuming and not practical in a typical ranch setting. Other methods 
of evaluating forage intake by an animal, that are simple and inexpensive, are currently 
being studied. The use of fecal samples to estimate crude protein in the diet and blood 
samples to estimate total crude protein intake are being studied to determine daily forage 
intake (Kronberg, South Dakota State University, personal communication). 
Table I illustrates the dry matter intake requirements as suggested by the National Research 
Council, 1984. These can serve as guidelines for intake required by a 1200 pound cow at 
various stages of production. 
Table 1. Required Dry Matter Intake of a 1200 Ib cow at Various Stages of 
Production. 
PRODUCTION PERIOD INTAKE REQ. (% BW as Dry Matter) 
Precalving 1.7 to 2.1% 
Postcalving 1.7 to 2.3% 
LactationlBreeding 2.0 to 2.3% 
Midgestation 1.6 to 1.9% 
Forage Availability 
Availability of adequate amounts of forage for grazing animals can also playa 
significant role in determining the need for or when to begin supplementation. Research 
indicates that most grazing animals, and especially cattle, are by nature selective grazers. If 
quantity of the forage is limited then selection by the animal is limited. On the other hand 
if quantity is not limited then opportunity exists for the animal to select and graze a higher 
quality diet. A summary of data collected at the South Dakota State University, 
Cottonwood Research Station in 1991 and 1992 (Namminga et al., 1992) illustrates the 
potential impact of forage availability on nutrient value of the forage consumed. Cattle 
grazing pastures higher in available forage were able to select a higher quality diet than 
cattle grazing pastures with less available forage (Table 2). 
Table 2. Winter Range Forage Collected by &iophagal Fistulated Steers 
FORAGE NUTRIENT FORAGE AVAILABLE 
Low High 
Crude Protein, % 3.73 5.45 
ADF,% 57.56 53.54 
NDF,% 82.57 80.76 
ADL,% 8.21 6.87 
Modified from Namminga, et aI., 1992, South Dakota State UDlversity. 
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Nutrient Content of the Forage 
Nutrient content of forage or forage quality is affected by several factors, some of 
which include species, stage of growth, soil fertility and sampling procedure. Determination 
of the nutrient content of the forage being grazed may be the most important step in being 
able to properly determine the optimum time to begin supplementation or to end it. Three 
options for determining the nutrient content will be discussed, their advantages and 
disadvantages. 
The first method includes the use of fistulated animals. Cattle fitted with esophageal 
fistulas offer an opportunity to actually sample what the animal is eating. Researchers for 
years have used this type of system to more accurately determine the nutritional value of 
grazed forage. This method removes the problem of selective grazing that cannot be 
mimicked by humans in attempts to determine forage quality. The disadvantages to this 
method are many as it relates to practical use by a producer. It is an expensive and labor 
intensive method for collection and analysis of forage samples. To date, its use has been 
restricted to research projects and the problem of practicality remains. It's sole advantage 
over other methods is it's level of accuracy. 
A second method for determining the forage quality being grazed is to collect 
representative clip samples throughout a given pasture for analysis. While this method is 
less expensive both from a cost and labor standpoint it does have one limitation. While we 
can observe what cattle appear to be consuming and make attempts to collect clip samples 
that reflect what they are consuming, typically, we are not as selective and therefore are not 
as accurate in collection of the clip sample that exactly matches what the animal is eating. 
Table 3 contains data collected at the SDSU Cottonwood Research Station (Namminga et 
al., 1992) and compares the nutritive value of grazed forage with samples collected from 
esophagal fistulated steers versus clip samples. 
T hI 3 Pr t . t t f f I II td' J a e . o em con en 0 orage sampJ es co ec e m anuary 1991 d 1992 an . 
Forage Available 
1991 1991 1992 1992 
CoUection Method Low High Low High 
Esophageal 3.73 5.45 4.68 4.93 
Clipped 3.79 5.04 3.57 3.68 
Modified from Namminga et aI., 1992, South Dakota State University. 
Certainly this method offers an opportunity to estimate the forage quality for grazed animals 
in a relatively simple and inexpensive manner. Understanding the shortcomings of this 
method and adjusting for it can certainly make this method a useable system in determining 
that window of opportunity for supplementation. As a general rule, grazing cattle diets will 
contain about 2 % more crude protein and be about 3-5 % more digestible than clipped 
samples (McCollum, 1995). Making this adjustment can help add accuracy to determining 
the actual value of the forage being consumed. 
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Another technology or system, more recently developed for use in determining 
forage quality with grazing animals is analysis of fecal samples collected from animals. 
This system was developed by the Ranching Systems Group in the Rangeland Ecology and 
Management Department at Texas A&M University. The system analyzes fecal material by 
using Near Infrared Reflectance Spectroscopy (NIRS) and estimates forage protein and 
digestibility. The system also includes a nutrition balance analyzer software program 
(NUTBAL) that aids in ration formulation and prediction of performance for the grazing 
animal. This system has application in several species of animals including, cattle, sheep, 
horses, goats and bison. While this system has potential as a valuable tool in use for 
determining the optimum time to begin or end supplementation, a word of caution is 
necessary at this point in time. Initial work to develop the system was conducted on a 
limited forage base in central and south Texas. Since the system is dependent upon accurate 
calibration and prediction equations, concern exists that grasses in other areas of the country 
may need to be analyzed with other equations than those originally developed on forages in 
Texas. 
Currently, validation trials are being conducted around the country in an effort to 
determine what if any adjustments need to be made in the equations to be able to more 
accurately predict forage quality for a given area or region. South Dakota State University 
in cooperation with the Natural Resource Conservation Service is conducting validation 
trials on the system and has just completed the second year of a three year evaluation of the 
system for this part of the country. Table 4 contains data comparing protein analysis by 
more conventional lab techniques from fistulated steers versus fecal analysis for protein 
from the same steers. The data illustrates the concerns regarding development and use of 
correct calibration and prediction equations by NIRS. 
T hi 4 Eft: t f dat a e . ec 0 e an d th d me 0 d t' f t: on em e pro em 0 orage. 
METHOD 12/14 217 4111 4/24 516 5121 
Kjeldahl 6.0 5.7 7.4 8.9 9.2 10.0 
NIRS 4.7 3.6 5.8 5.5 8.2 8.2 
Modified from Pruitt, 1997, SDSU Cottonwood Research Station 
The data indicates an underestimation of protein content by the NIRS system for forages at 
the Cottonwood Station. Similar analyses on energy values are being undertaken. Another 
part of the validation project involves monitoring actual performance of cattle versus the 
predicted performance of the cattle utilizing the fecal analysis and the NUTBAL software. 
A study involving lactating cows from the SDSU Cottonwood Research Station has shown 
that predicted performance is less than actual performance, suggesting an underestimation 
of the nutritional quality of the forage. Fecal samples were taken weekly with cow weights 
taken on a monthly interval. Cows were monitored beginning in early June and continuing 
through early December in 1996 and 1997. Results from these studies also indicate the 
importance of having correct calibration and prediction equations for the NIRS/NUTBAL 
system. Work is continuing on development of such equations for use on forages in the 
Upper Great Plains Region. 
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One aspect of the NIRS/NUTBAL system that would be useful in determining the 
window for supplementation is calculation of a ratio for digestible organic matter to protein 
content of the forage. Similar to the ratio developed by Moore et al., (1995) utilizing data 
from 58 dried grasses or straws, this ratio could serve as the key indicator indicating the 
need to or not to supplement. Moore et al., determined that increasing the ratio of 
digestible organic matter to crude protein to a value greater than 7 (indicating a deficiency 
of protein relative to energy) resulted in a negative relationship between intake and the 
ratio. With a ratio of less than 7 (balance between protein and digestible energy) intake was 
not related to the ratio. Figure 2 illustrates the ratio of digestible organic matter to crude 
protein as determined by NIRS fecal analysis from lactating cows in our South Dakota study 
for 1996. 
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Figure 2. Ratio of Digestible Organic Matter to Crude Protein as measured by NIRS fecal analysis. 
Zalesky, 1996, South Dakota State University. 
As the data indicates, the ratio of DOM/CP moved above seven with the August 30 
sample and remained above seven for the remainder of the experimental period. The 
December 5 sample suggested a significant need for supplementation as the ratio exceeded 
14 on that date. This data illustrates the potential use of the NIRS fecal analysis system, 
but again, caution at this time is warranted as it is possible that the numbers used to 
calculate the ratio maybe underestimating the actual forage nutrient values for protein and 
digestible organic matter. The system definitely has potential and work is continuing to 
refine the system and make it a useable technology for the Upper Great Plains Region. 
214 
PERFORMANCE GOALS 
Establishment of performance goals can also aid in determining when to begin a 
supplement program or when to end it. Development of desired performance should be 
determined by stage of production in the case of breeding females and in the case of other 
classes of animals the desired rate of gain. In the case of breeding females, the use of other 
tools such as body condition scoring can help in deciding what level of performance is 
needed during a specific time period for a certain stage of production. With realistic goals 
and a method to monitor attainment of the goals, efficient supplement programs can be 
developed. 
SUMMARY 
Answering the age old question of when to start or when to end supplementation is 
not always easy, especially when that decision can have a large economic impact on an 
operation. Development of a sound supplementation program implemented at the proper 
time will insure attainment of performance goals as well as insure that cost is contained to 
what is actually need and not more than is needed. 
Currently information and technology exist to make sound decisions on when to 
supplement and continued efforts will see improvements in technology and information that 
will make that decision easier. Today, development and implementation of economically 
sound supplementation programs requires knowledge in the following areas: 
1. Animal requirements based on stage of production and/or performance goals. 
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NEW NATIONAL RESEARCH COUNCIL (NRC) 
BEEF CATTLE REQUIREMENTS - RANGE APPLICATION 
Ivan G. Rush 
University of Nebraska 
Panhandle Research & Extension Center 
Scottsbluff, Nebraska 
Beef producers have used experience and guidelines for many years to determine 
proper level of nutrition for their cow herd. In the early 1900s, research started to compare 
various feeding programs to determine which feeds or supplements worked best, and then 
comparisons were made on various levels of supplements to determine how much 
supplement was needed. In the 1920s, considerable research was conducted at the Valentine, 
Nebraska Experiment Station (no longer in existence) to see if calves wintered on sandhills 
range would benefit from cottonseed cake (cottonseed meal was large chunks or "cake" in the 
1920s), and a series of other studies determined the "best" level of supplementation. Since 
that time tremendous quantities of research have been conducted to determine the exact 
requirement of cattle for all known nutrients. 
In order to gain some consensus of opinion on exact cattle requirements, the National 
Research Council appointed a subcommittee on beef cattle nutrition to evaluate all published 
data and publish exact requirements for major and minor nutrients for all classes of beef 
cattle. New requirements are published about every 10 years. The committee has historically 
met for at least a two year period and has in-depth review and discussion of new nutritional 
concepts, as well as new research that deals with animal requirements. The subcommittee is 
made up of highly recognized and respected nutritionists from across the U.S., each having 
specialities in the various areas of cattle nutrition. They also seek the expertise of others in 
forming final requirements. Finally, after days and months of review and discussion by the 
leading experts in the field, the new requirements are published. This is often referred to as 
the nutritionists' bible. In the past 10 years, nutritionists have used the 1984 Nutrient 
Requirements of Beef Cattle. In May of 1996, the 1996 Nutrient Requirements of Beef 
Cattle was released. As with any new publication the 1996 requirements suggested several 
changes. however not without controversy. 
How accurate are the 1996 Nutrient Requirements of Beef Cattle? It is not 
uncommon to hear comments such as "those published requirements don't apply to your 
situation because your cattle and conditions are different and as a consequence, my 
recommendations are different and better." The producers' question should be "what research 
do you base your recommendation on and then question is it thorough and unbiased?" In 
99.9% of the cases the answer to your second question will be no. The 1996 published 
requirements are the "state of the art" from the top nutritionist in the U.S. The challenge is to 
apply the requirements in a practical way. 
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The objective of this paper is to discuss new nutritional concepts and 
recommendations as outlined in the new publication, and to utilize these concepts in practical 
feeding recommendations. 
ENERGY REQUIREMENTS 
In the past, the beef cow industry has used Total Digestible Nutrients (TDN) in 
balancing the cow's energy requirements. When most of the commonly used feeds are 
utilized, TDN still serves very well in determining how to meet the cow's energy 
requirements. The new publication justifiably uses the net energy system - net energy for 
maintenance (NEm) and net energy for gain (NEg). The net energy system has been used in 
balancing energy needs in the feedlot industry for the past 20 years. Most cow diets can still 
adequately use the TDN when considering a dry pregnant cow for maintaining weight, and 
the average lactating cow when no weight gain (or loss) is desired. The major advantage of 
the net energy system is it allows for precise estimates of the amount of weight gain (or loss) 
that is desired or that could be expected. For example, if a group of cows is in condition 
score 4 in November and it is desired to raise their condition to a condition score of 5 by 
March, the net energy system provides the tools to very accurately estimate the amount of 
feed needed to raise the weight (or condition score) to the desired level. 
The 1996 net energy system breaks out the energy requirements for maintenance of 
the cow, development of the fetus, lactation and body weight gain (or energy available if 
weight loss occurs). Maintenance is simply the feed energy required that will result in no 
weight gain or loss of the cow. This includes the energy for body functions such as the 
digestion process, temperature regulation, physical activity and other metabolic activity. The 
maintenance requirements are adjusted for several breeds of cattle. In general, the breeds of 
cows that have higher milk production have higher maintenance requirements. This is due to 
the fact that higher milking cows tend to have larger internal organ weights, which have very 
high energy needs. 
In the case of pregnant cows, the energy requirement for pregnancy is also calculated. 
This varies with the birth weight of the calf, which the user inputs into the program. 
Lactation is also a large energy requirement that the new system calculates based on the 
amount of milk given at peak milk production. Even though it is obvious that high milk 
producing cows have higher energy requirements than low milking cows, peak milk 
production obviously is not practical to determine in range cattle. Consequently, the new 
publication gives guidelines for peak milk production quantities based on weaning weight. 
After all of the energy requirements for maintenance, pregnancy and/or lactation are 
met, the remaining energy can be utilized for body weight gain. If the energy demands for 
maintenance and production are not met, weight loss of the cow will result, plus possibly 
lowered milk production will occur. The new system predicts the number of days that it will 
take to gain or lose one condition score (approximately 75-80 lbs of body weight). 
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Feedstuffs analysis reports include both NEm and NEg. In beef cow rations the new 
system only utilizes the NEm of the feeds for the various energy components. The analysis 
for net energy levels of feeds is not actually determined directly, however is estimated based 
on the fiber (acid detergent fiber - ADF) level of the feed. Total digestible nutrients are also 
estimated in feed analysis. Formulas have been published to determine (estimate) NEm and 
NEg, if TDN content is known (or estimated). 
PROTEIN 
Perhaps the biggest change and most difficult to apply is the new protein 
requirements. In the past crude protein has been utilized. It has long been recognized that 
the crude protein system has many flaws, and in fact is a fairly crude measurement of protein 
availability in feeds and the animal requirements. For example, with the crude protein system 
it is assumed that protein from non-protein nitrogen, such as urea, is equal to protein from all 
natural sources, such as soybean meal or cottonseed meal. We have known for years that this 
is simply not true. We also know that the rumen microorganisms in beef animals have 
nitrogen or protein requirements, yet the animal has protein requirements for maintenance of 
the digestive tract, nervous system, muscle structure, etc., plus muscle growth. In the past the 
crude protein only assumed one requirement for the entire animal. The crude protein system 
worked relatively well as long as the limitations were recognized and appropriate adjustments 
were made. 
The 1996 NRC requirements utilizes metabolizable protein which establishes separate 
requirements for the rumen microorganisms and the animal. Metabolizable protein is the 
protein that reaches the small intestine and is made up of microbial protein (protein that is 
made by rumen microorganisms) and undegradable intake protein (DIP). In the past DIP has 
been referred to as by-pass protein or the protein that escapes or bypasses the rumen 
microorganisms without breakdown. In the small intestine, protein is digested efficiently, 
similar to digestion in monogastric animals. The requirements for the rumen microorganisms 
is referred to as degradable intake protein (DIP) and is derived from protein that is digested or 
broken down in the rumen. It is important that the DIP requirement be met to provide a high 
level of microbial activity and to assure optimum levels of fiber digestion. Some of the DIP 
can come from non-protein nitrogen (NPN) sources such as urea. The amount of NPN that is 
utilized in high roughage diets for bacteria protein synthesis continues to be debated. It is 
known that there are limitations on how much is incorporated into microbial protein, 
however in the ration formulation model, that is supplied with the 1996 manual, it assumes 
that NPN from urea is utilized with the same efficiency as degraded natural protein from 
sources such as alfalfa hay. The protein in alfalfa is approximately 85% degraded in the 
rumen. It appears that the rumen bacteria can utilize the nitrogen from NPN just as 
effectively as from degraded protein from alfalfa or soybean meal, however when natural 
proteins are degraded they supply branch chained fatty acids, which appears to be very 
important in bacterial protein synthesis. It is also known that urea breaks down at a much 
faster rate in the rumen than carbohydrates are broken down in forages. Because of the lack 
of synchrony, one would not expect the nitrogen from NPN to be utilized as effectively as 
nitrogen from natural proteins, which break down slower. Fortunately, the ruminant animal 
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has the ability to recycle nitrogen through the saliva otherwise very little of the nitrogen from 
NPN would be utilized. The debate will continue on how efficiently NPN will be utilized 
under the various conditions encountered with the range beef cow. Even though many trials 
have been conducted to detennine NPN utilization, the committee that published the 1996 
requirements simply stated, "Until more infonnation is available it is advisable to use caution 
when using urea in low-protein, high-forage diets." 
In order to detennine the level of metabolizable protein that reaches the small 
intestine, the level of microbial protein must be estimated as well as knowing the level of UIP 
in the feed or the amount of the fed or grazed protein that escapes the rumen undigested. 
Tables are available to give estimates of UIP for many feeds and are used in ration 
fonnulation. Currently commercial laboratories do not analyze for UIP and DIP which is a 
limitation when utilizing the metabolism protein system. Feeds can still be analyzed for 
crude protein and then UIP and DIP estimated. 
In addition to knowing how much protein that bypasses the rumen (UIP) and reaches 
the small intestine, the portion of microbial protein that is produced needs to be estimated. 
The new NRC model assumes that the amount of microbial protein produced is in relation to 
the amount of energy in the ration. They use TDN as the indicator of energy. In general they 
assume that microbial protein synthesis is 13% of the TDN in the ration; however this 
efficiency factor can be altered in the model. In low-energy, high-roughage rations a factor of 
8 to 9% appears to be more accurate in predicting microbial protein yield. If the 1996 NRC 
computer model is used, there is an opportunity to change the microbial yield factor from 13 
to a different number. Until more definitive research is conducted, it is recommended that 9 
be used as an appropriate factor. 
INTAKE 
One of the major problems of any accurate ration fonnulation is detennining intake 
accurately. This is especially a major problem in grazing animals. The fonnulation is only as 
accurate as the accuracy of detennining the level of nutrients that the animal is consuming. 
This depends on the amount and the nutrient content of feeds consumed. Because this is 
often not known, it requires rough guidelines and commonsense. Fortunately, the new NRC 
requirements provide estimates of intake. This is based on the type and size of animal, stage 
of production, and the type of ration. These estimates of intakes are based on research trials 
where actual intake was determined under various conditions. Unless intake is known or 
research under similar conditions in your area is utilized, it is recommended that the intake 
calculated by the 1996 model be used as intake estimates. 
ANIMAL AND ENVIRONMENTAL FACTORS 
The new 1996 model allows for input in accounting for the size, breed, stage of 
production, level of milk production expected and body condition of the cow. Adjustments 
in maintenance are made based on breed. Body condition is used and the output estimates the 
number of days to gain or lose one condition score rather than predict daily gain or loss. 
220 
Environmental factors include temperature, wind speed, coat of the animal and the 
effects of grazing or dry lot conditions. These factors certainly do effect nutrient 
requirements in "real world" situations, however are very difficult to utilize with accuracy in 
ration formulations. Milk production can be roughly estimated from weaning weight and 
research data, however any estimate under practical conditions would be a very rough 
estimate. The model makes very precise calculations based on often rough estimates. 
Environmental factors, such as wind and temperature, are important, however the user is 
usually making estimates in the future which is always subject to large differences to what is 
actually encountered. Also temperatures and wind speeds from the weather bureau should be 
modified to predict actual temperatures for the cattle. The amount of natural protection that 
cattle utilize is important. Cattle will use one another for protection and aline their bodies to 
minimize weather effects. 
The model assumes approximately 40% higher maintenance requirements for grazing 
animals versus those in dry lot. Even though there is a cost of maintenance when animals are 
traveling to graze and the model's cost of maintenance is based on research data, personal 
observations and experience would indicate the model's estimates of increased maintenance 
while grazing may be too high for the intermountain high plains area. After working with the 
model, it appears that several animal and environmental factors have relatively large effects 
on the requirements and as a consequence a high level of commonsense and experience under 
practical conditions are needed for the best diet recommendations. 
FEEDING RECOMMENDA nONS 
Will we feed or supplement cattle differently utilizing the 1996 NRC requirements 
compared to what we have used in the past? V nder many practical feeding or grazing 
conditions, it does not appear major changes will be needed to meet the animals' 
requirements as published in the new publication. The system does allow for fine tuning of 
diets in both protein and energy supplementation. For example, many lactating cows are fed 
prairie or meadow hay and supplemented with 2.5-3.0 lb of a 30% soybean meal-wheat 
midds blended supplement, and good performance is achieved. However, when these feeds 
are calculated in the model, it shows that the ration is deficient in metabolizable protein 
although DIP is in excess. The model would predict that the digestibility of the forage would 
be at the maximum level and the microbes would produce maximum level of microbial 
protein, but cow performance would still be reduced because inadequate protein would be 
present in the small intestine. Higher levels of the 30% supplement would partially offset 
this problem, however the most economical and practical way would be to incorporate a low 
level of a source of protein that is high in VIP (by-pass) protein, such as blood meal. This 
deficiency can be corrected with 0.4 lb of blood meal. The need for VIP appears to be more 
critical in younger 2 year old first calf heifers. 
Another area where fine tuning of rations can be achieved is designing feeding 
programs to achieve a specific condition score at a given point in time. For example, let's 
assume that a group of cows is in body condition 4, approximately 90 days before calving and 
it is desired to increase their condition one score before calving. By utilizing the new model. 
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rations can be designed to theoretically meet this goal. The model can also be utilized to 
balance rations for yearling replacement heifers to meet gain expectations. 
There are many situations that will cause some changes in what would be 
recommended utilizing the new model compared to what we have been using. It is not 
possible to address all of the minor and major differences that the new model presents in this 
paper. The 1996 NRC publication addresses all of the various changes and if in-depth 
knowledge is desired then reading the publication and utilizing the new software will be 
needed. 
An article in the 1998 Nebraska Beef Cattle Report by Lardy, et aI., used the new 
model to evaluate nutrient balances for grazing beef cattle that were involved in various 
experiments at the Nebraska Gudmundsen Sandhills Laboratory. They found that the NRC 
model generally predicted that nutrient balances were similar to what was experienced in the 
cows on various research trials. They confirmed that microbial efficiency is lower for forages 
that are lower in digestibility. 
SUMMARY 
The 1996 NRC requirements have two significant changes that will change the way 
nutritionists balance rations. Rather than utilizing TDN as the energy term, net energy for 
maintenance and gain is utilized. Crude protein was replaced with two protein fractions -
Undegradable Intake Protein (UIP) formally called by-pass protein and Degradable Intake 
Protein (DIP). The new metabolizable protein (UIP + DIP) system will correct some of past 
erroneous assumption that all crude protein is equal, which has long been known to be 
inaccurate. The new protein system establishes requirements for the rumen microorganisms 
and for the animal. Even though the new system will be more difficult to apply under 
practical conditions, the concepts are more precise, and accurate predictors of performance 
will provide more economical cost of production. Factors that involve the animal 
characteristics and environmental factors can cause major differences in requirements. As 
with any good feeding program, commonsense is needed to carry out a practical and 
economical feeding system. 
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Reducing costs while maintaining production is one way to improve the economic 
performance of a cow-calf operation. In large parts of the beef cattle production area, feed 
cost is a major factor in determining overall economic efficiency. Harvested forages and 
purchased feed make up the majority of the total feed cost. A major goal of our work has 
been to research cow-calf production systems that improve the economic and overall 
sustainability of the cow-calf operation. Given that feed costs are such an important 
component of most cow-calf operations we have focused our research on ways to reduce 
those costs without sacrificing production or by reducing costs relatively more than 
production. 
The concept of matching nutrients available in forages with nutrient requirements of 
the cow has been recommended as a means to most efficiently utilize grazed forages 
(Adams et al. 1996, Valentine 1990, Vavra and Raleigh 1976). They identified 
complementary forages, calving date, and weaning date as ways to match forages with the 
nutrient needs of the cow. When the cow and the range forage are well matched the cow 
should receive most nutrients from grazed forages. Adams et al. (1996) suggested that 
genetic potential for milk production in the cow, and synchrony between the animal's 
nutrient requirement during lactation and the highest nutrient value in the forage determine 
how well the animal and forage resource match. We hypothesize that when nutrient 
requirements of the cow are matched with nutrient output in forages, purchased or 
harvested feed costs and labor can be reduced relatively more than production may be 
reduced. 
Cyclical Nature of Plant Nutrients 
The quality and quantity of forage produced on rangelands are highly cyclical, 
within and between years. Precipitation, plant species, and the proportion of cool and 
warm season species affect the overall forage quality of rangeland at any point in time. 
Seasonal changes in nutrient density of rangeland forages are primarily associated with 
plant maturity. Plants contain their greatest nutrient value before maturity. In general, 
diets from dormant range contain between 4 and 7 % crude protein with higher 
concentrations occurring in late summer and early fall and lower concentrations occurring 
during late fall and winter. Plants in a vegetative state generally contain over 10% crude 
protein (Lardy et al. 1997, Adams and Short 1988). 
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Nutrient Requirements of the Cow 
Cow size, milk production, pregnancy, and activity are the primary influences on 
nutrient needs in cattle. The larger the cow, the more energy and protein required for 
maintenance, Crude protein and energy requirements during the last third of pregnancy are 
about 20 and 14 % greater than during the middle third of pregnancy, respectively. Cow 
protein and energy requirements increase again during lactation and are greater then, than 
any other time of the cow's production cycle. As requirements for pregnancy and lactation 
increase, the quantity of forage needed increases and the greatest amount of forage needed 
is for the cow producing a high level of milk. 
Plant-Animal Interactions 
The fibrous, bulky nature of forage and low concentration of crude protein limit the 
amount of forage an animal consumes. Inability of an animal to consume enough nutrients 
in a forage diet is greatest when density of the nutrient is low and/or when animal 
requirements are high. Lactation and pregnancy are more critical in matching the cow to 
the forage resource than body size because of the need for greater nutrient density in the 
forage. Increased requirements for cow size do not require greater nutrient density because 
large cows have increased capacity to eat. However, both cow size and amount of milk 
produced affect stocking rate. Increasing either cow size or milk production increases the 
amount of forage needed to sustain the cow. Generally, protein will be limiting before 
energy in range diets (Adams and Short 1988). As a result, the key to matching forage 
nutrients with cow requirements is protein content of the forage. A cow consuming a 
forage containing 5 to 6 % crude protein is not likely to consume enough forage to meet 
protein requirements during most of the cow's production cycle. Crude protein content of 
5 % is common in range forages during late fall and winter. Dormant fall-winter range will 
not likely support milk production and maintain cow body condition without supplemen-
tation (Lamb et al. 1997, Short et al. 1996). Cows would likely consume enough forage to 
meet crude protein requirements at all production phases when forages contain 10% or 
greater concentration of crude protein (Lamb et al. 1997, Adams et al. 1993 ). 
Matching Calving Date with Nutrients in Forage 
A mismatch between nutrient density and cow requirements occurs in cows calving 
in late winter or early spring before green grass when grazed forages have low 
concentrations of protein and energy. The problem is exacerbated by high milk production 
and usually mitigated by feeding hay and/or supplements. Figure 1 shows the match of 
protein in range forage with cow requirements (peak milk production = 23 lb/day) for 
metabolizable protein during the year with the calving season beginning March 1. A rather 
large protein deficit is expected between March and May, and during June through July an 
excess in protein is expected. Both the deficit and excess can be inefficient use of the 
protein. The protein deficit is large enough that it is generally not practical to graze and 
most ranches calving in the late winter or early spring feed hay (Coady and Clark 1993). 
The excess is inefficient in that protein exceeds what the cow can utilize. If calving were 
earlier than March 1, the deficiencies and excesses would be exacerbated. If calving is 
moved later. the deficiencies and excess would be reduced. The extent of the reduction 
would be dependent on the calving date selected. 
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Fig. 1. Metabolizable protein (MP) requirement and availability for a 1200 pound March calving cow 
grazing on range with peak milk production of 23 pounds/day. (MP requirement and availability estimated 
from NRC 1996 computer model.) 
We demonstrated that nel returns per calf in a March calving system were increased 
by about $50 to $90 by extending grazing in winter and spring in lieu of feeding hay. 
Although we extended grazing, the March calving system using the least amount of hay 
still required about 2,600 Ib/hay per cow during and shortly after calving (Adams et al. 
1994). Coady and Clark (1993) reported that the average Sandhills ranch annually fed 
3,200 pounds/head of hay to mature cows and that some ranches fed as much as 5,000 
pounds of hay/head. We hypothesized that 2,600 pounds of hay or more could be replaced 
by grazing if the cow was synchronized with nutrients in grazed forages by moving calving 
to later than March. We decided to focus on calving date as the primary management tool 
for testing our hypothesis, i.e., costs can be reduced and profitability improved by better 
matching cattle to the forages. We used three criteria to determine our calving date: 1) 
peak nutrient requirements of the cow would occur near the time when range forages have 
their highest level of crude protein available in amounts adequate to meet cows needs, 2) a 
short period of green grass before the beginning of calving to ensure that all cows would be 
in moderate body condition (i.e., condition score 5 to 6 on a 9 point system), and 3) cow 
reproduction would be maintained near that for March calving cows. Evaluation of data 
from fistulated cows revealed that the peak nutrient value of Sandhills forage in amounts 
that would sustain a cow generally occurs in June (Figure 2). We determined that a mid-
June calving date would meet our first and second criteria. We expected to have cows in 
moderate body condition at calving and at the beginning of the breeding season with the 
mid-June calving date. We expected that the cows would likely begin to loose body 
condition early in the breeding season and that supplements would be needed during the 
breeding season and until weaning in January. The match between the cow's metabolizable 
protein requirements and protein content of forages for the mid-June calving date are 
shown in Figure 3. A deficiency of protein is evident during October through December 
but is less than a pound. We anticipated some loss of body condition but were not 
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Fig. 3. Metabolizable protein (MP) requirement and estimated MP availability for a 1200 pound June calving 
cow grazing range with peak milk production of 23 pounds/day. (MP requirement and availability to the 
animal estimated from NRC 1996 computer model and feed library) 
March vs. June Calving in the Nebraska Sandhills 
A traditional March calving cow herd is maintained At the University of Nebraska-
Lincoln Gudmundsen Sandhills Laboratory (GSL) near Whitman, Nebraska. In 1993 a 
subset of cows was selected from each age of March calving cows and was bred to start 
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calving in June 1994. Production traits and economics of the June calving herd are being 
compared to the traditional March calVing herd. A production calendar for the two calving 
systems is shown in Table 1. 
Table 1. Production calendar for March and June calving herds 
Item 
Beginning of calving 
Beginning of breeding 
Weaning date 
Steer calves to feedlot 











1) February 14 (liz of calves) 
2) September 10 (l/2 of calves 
after grazing range May 15 -
September 7) 
1) August 16 
2) January 12 
June-calving cows were fed an average of 30 pounds of hay/cow/year compared to 
an average of 3,182 pounds of hay/head/year for March calving cows during the fIrst three 
years. Protein supplement fed to June calving cows (131 pounds/year) has been greater 
than that fed to March calving cows (l08 pounds/year). Birth weights were higher for June 
born calves (96 pounds) than March born calves (90 pounds). Although birth weights were 
greater, we observed less dystocia with the June calving cows than March calving cows. In 
addition summer calving cows were checked morning and evening during calving while 
March calving cows were checked about every two hours during the fIrst three weeks of 
calving. Calving shed, and associated pens and equipment were not needed for June 
calving cows. Average calving dates were March 30 and June 29 for March and June 
calving herds, respectively. Calf scours have not been observed in the June calving 
system. Pregnancy rates were similar (about 95%) for March and June calving cows. 
Weaning weight was about 35 pounds higher for March born steer calves (471 pounds) 
than June born steer calves (436 pounds). 
Economic Considerations for Evaluating Summer Calving 
We have not completed a thorough economic comparison of our summer calving 
project. We have only three complete years of cow and calf data and two complete years 
of yearling data. The results that we have presented and will present below are 
preliminary, but we believe they show the trends of the systems. 
Total Feed Requirements and Availability 
One of the important concepts is the differences in cow requirements by time of 
year due to the different calving dates. We have already shown the comparisons between 
metabolizable protein needs and the relative content of the forages for both March and June 
calving cows. Another way to examine the cow needs is to look at requirements for 
various times of the year by AUMs (animal unit months). Figure 4 shows AUM 
requirements for three time periods for spring (March), summer (June), and summer with 
yearlings herds. The requirements are for a 100-cow herd that has a replacement rate of 
15%. We assumed 1200 pound cows with productivity similar to that which we have 
experienced with our research herds. The shown requirements are for the cows, fIrst calf 
heifers, heifer calves and yearlings where appropriate. Bull requirements were not 
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Fig. 4. AUM requirements for summer and spring calving cows and summer calving cows with yearlings 
summered on grass. 
The fIrst time period begins with the calendar year and ends when the warm season 
grasses in the Sandhills produce adequate volume for grazing. The second time period 
represents traditional summer/early fall grazing, while the last period is late fall, early 
winter. Producers often graze their cattle on regrowth on meadows and dormant upland 
forages during this last period. Notice that total cow herd nutrient requirements are about 
18% higher during the winter/early spring period for the March calving cows. Even if one 
needs to feed hay to both herds during that time (e.g., during a snow storm), the summer 
calving cows will need less. Figures 1, 2, and 3 also demonstrate that nutrient needs will 
be poorly matched with nutrient availability from forages during that same time frame for 
the spring calving cow. On the other end of the time scale, the summer calving herd has 
higher requirements in the fall and early winter since the cows are lactating during that 
time. The total AUM requirements for the summer calving and spring calving cows are the 
same. The requirements just occur at different times of the year. Total AUMs for the 
summer calving with yearlings are 479 AUMs higher than the other two systems. We 
assumed that the same number of cows and replacements were maintained and all non-
replacement heifers and all steer calves were run as yearlings and sold in mid-September. 
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If the producer's resources were fully utilized with the straight cow/calf systems, then 
he/she would need to acquire more resources or reduce cow numbers to accommodate the 
yearling cattle. Each producer must look at their resource availability compared to the cow 
requirements to help determine which type of system fits. If an operation is short on 
winter feed but has adequate fall and early winter grazing, the summer system may work 
well for balancing resources. 
Economics of Selling Weaned Calves and Calf-fed Finished Cattle 
One of the keys to a successful cow-calf operation is the marketing of the cattle. 
Marketing includes the decision as to when and in what form to market. Changing the 
calving date alters the time of year when cattle are available for sale. If calves are to be 
sold at weaning, then the marketing date shifts from October for the spring born calves to 
January for the summer born calves. If calves are weaned and sent relatively quickly to the 
feed lot under a retained ownership scenario, then the spring born calves will finish in late 
April to mid-May. The summer born calves will finish in August. Price cycles are 
important considerations. Market highs for fed cattle historically have occurred in April 
and market lows have occurred in August (Figure 5). The summer born calves that are 
finished as calf feds would then be ready for sale during the market lows. Does that mean 
that they would be less profitable than their spring born counterparts that would be sold in 
May? Not necessarily since one would need to examine all the costs of both systems. The 
costs of the summer born calves, finished for the August market, would need to be reduced 
relatively more than the difference in the April and August fed cattle prices. Using the 
most recent 10 year price (August and May) for 1100-1300 pound choice slaughter steers 
(Wellman 1997), the summer born calf feds would gross about $828/head ($69.66 x 12) 
compared to $876 ($72.97 x 12) for the spring born calf feds. Costs for producing the 
summer born animal would need to be 6 % or more lower than the costs for the spring born 
to make the summer born competitive. 
Our research is demonstrating that we can reduce harvested forages in the system by 
about 1.5 tons per cow per year. If it costs $30/ton to either buy or produce the hay we 
have reduced costs by $45/cow just by our reduction in harvested forages. This reduction 
in the use of harvested forage has not resulted in reduced production when ownership is 
retained through the feedlot. The latter analysis is appropriate for the operator who raises 
his or her own calves and then retains ownership through the feedlot and who is looking at 
the financial rather than economic costs of the system. We conducted an economic analysis 
of steers where we priced the calves and the inputs at their actual or opportunity cost. 
Pricing the calves at weaning and ignoring the cost savings to weaning resulted in similar 
economic break -even costs for the spring and summer born calf feds. Both break-evens 
were around $60/cwt with the spring born calf feds having slightly ($1.50/cwt.) lower 
costs per cwt. These costs were based on charging actual costs of the finishing ration plus 
$0. 30/head/ day yardage. In addition, interest was charged at the annual rate of 8 % on the 
value of the animal at weaning and the other costs for the period they were incurred. With 
the economic analysis, the spring born calf feds would net the producer more return over 
the opportunity costs since they reach market when the prices have been historically higher. 
229 
INDEX 1.08,..--------------------., 
•••• I • I •• • ••• ::.:.~: •• "...~ •• : ••• I ••••• I I •••• I •• , I I •••• I • I ••••••• I •• I I I •• , I I •• I • I 
......• "'~ 
1 ;.:~.:;~~.:.~~: : : : : : : : : : : : : : : : : , >< : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~~>~~~.~~.;.;;,: : 
, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , .. > .... ,.:.: ' , , , , , , , , , , , , , , , , , ,.:.,l<·: , , , , , , , , , , , ,I 
'. '. . ........... . 
•••••••••• 1'.'"111 ••••••••••••••••••••••••••••• , •••••• III •••••••••••••••••• 
0.94\...-.-.-------------------,.....) 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
MONTHS 
10 YEAR INDEX 5 YEAR INDEX 
Fig. 5. Seasonal price index for choice 2-4 yield grade 1100 to 1300 pound slaughter steers (Wyoming, 
western Nebraska, and southwest South Dakota). 
One option for both systems is to sell the calves at or near weaning. Table 2 shows 
the gross returns of selling both heifer and steer calves from the summer and spring herds. 
Prices are based on the weekly prices for January (summer born) and October (spring born) 
for Western Nebraska and Eastern Wyoming (Livestock Marketing Information Center 
Table 2. Gross returns from summer and spring born calves sold at weaning for Western 
Nebraska and Eastern Wyoming--1992-1997 prices 
Price/cwt Gross/head Price/ewt 
Steers Summer Born (wn wt=436) Spring Born (wn wt=471) 
Mean price $93.18 $406.26 $87.03 $409.91 
Mean price + Std. Deviation $110.02 $479.69 $102.96 $484.94 
Mean - Std. Deviation $76.34 $332.84 $71.10 $334.88 
Heifers Summer Born (wn wt=420) Spring Born (wn wt=454) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Mean price $76.01 $319.24 $77.12 $350.12 
Mean price + Std. Deviation $98.33 $412.99 $98.08 $445.28 
Mean - Std. Deviation $53.69 $225.50 $56.16 $254.97 
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1977) 1992 through January of 1997. The January 1992 prices were dropped from the 
average on the assumption that they mayor may not have much relationship to the October 
1992 prices. Those prices are reported in 50-pound increments, so the October prices 
represent the 450-500 pound price while January prices are for 400-450 pound calves. 
/ 
The gross returns on the summer and spring born steer calves sold at weaning are 
very similar. Even though the spring born calves weaned heavier than their summer born 
counterparts, the lower price for heavier calves and for October compared to January offset 
the weaning weight advantage. The spring born heifer calves grossed about $30/head more 
than their summer born peers. Price differentials for summer born heifer calves were not 
as favorable as for the summer born steer calves. 
We conservatively have estimated that our financial based costs have been reduced 
by $45/cow. That translates into a savings of $50/calf (assuming a 90% weaning rate). 
That $50 savings is from reduction in hay feeding and accounts for the slightly higher 
supplement fed to the summer cows. If we were to consider the opportunity cost of the 
forage, labor savings, and cost to feed the forage the savings would be even larger. 
CONCLUSIONS 
Our research will continue for at least two more years. At that time we will 
complete an economic and comparative risk analysis of the two calving systems. Our 
current results for the Nebraska Sandhills show that summer calving systems offer more 
flexibility in marketing for cattle with genetics similar to ours. In addition, synchronizing 
the cow to the forage resource has saved more than enough costs to offset the lower 
weaning weight for both steer and heifer calves. Even the system of finishing the summer 
calves as calf feds appears to be competitive with calf fed, spring born calves from a 
financial analysis perspective. From an economic analysis view, the finishing of spring 
born calves is more efficient than finishing the summer borns as calf feds. The latter is 
primarily due to the difference in prices when the two different sets of calves would be 
ready for market. We have not provided analysis for the summer calf/yearling system 
since we only have two years data; however, that system may in the end be the most 
efficient of all. 
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INTRODUCTION 
Which of the following herds is more profitable: herd A that weans a 90% calf crop of 
450 lb calves that go on to grade 60% Choice or herd B that weans a 95% calf crop of 600 lb 
calves that go on to grade 80% Choice? Obviously the question can not be answered with the 
information at hand. We have only the output side of the profitability equation and none of 
the inputs. It is likely that herd B will generate more revenue, but without knowing the costs 
of producing that revenue we can never know which herd is more profitable. Unfortunately, 
measuring costs to track true profitability in cow herds has been a difficult task. Therefore, 
identifying production factors that are correlated to profitability could possibly help producers 
make management changes to improve the financial standing of their cow-calf enterprise. 
RELA TIVE ECONOMIC IMPORTANCE OF TRAITS 
Since our first introductory animal science course we have all been instructed that 
production traits have twice the relative economic importance of carcass traits and 
reproductive traits have ten times the relative economic importance of carcass traits. These 
relationships were established some time ago when costs were low and the concept of value 
based marketing had yet to be introduced. More recently, Melton (1995) used a bioeconomic 
model to compare the relative economic importance of traits for a commercial cow-calf 
producer versus an integrated beef firm that owns the product from conception through 
marketing to the consumer. For the commercial cow-calf producer, with consumption 
(carcass and palatability) traits set at a value of 1.0, production traits had a relative economic 
value of2.87 and reproduction traits had a relative economic value of3.24. In other words, a 
one standard deviation change in reproduction traits would have 3.24 times the economic 
impact as a one standard deviation change in consumption traits. For the integrated firm, the 
bioeconomic model set reproduction traits at 1.0 and showed the relative economic 
importance of production and consumption traits to be 9.79 and 13.52, respectively. In the 
integrated firm, a one standard deviation change in consumption traits had 13.52 times the 
economic impact of a one standard deviation change in reproduction. In the model for the 
integrated firm, the demand for beef was assumed to be static, thus increases in reproduction 
resulted in increased supply and decreased the market price. In addition, improvements in the 
product could be captured in improved sales at the consumer level. In Melton's model, two 
very important points are drawn out. First, the integrated firm had the capability of capturing 
three times the amount of economic benefit from genetic change as did the commercial cow-
calf producer. Second, marketing time is critical to determining which traits should be 
included in a cow-calf producer's selection criteria. Producers who own cattle through the 
feedlot and onto the rail require a different set of selection criteria than those who sell at 
weaning. In Melton's model, the cow-calf producer that puts selection pressure on post-
weaning traits, yet sells the calves at weaning will have a difficult time recouping the cost of 
the genetic improvement. 
FACTORS AFFECTING HERD PROFITABILITY 
McGrann and co-workers (1992) related various production factors to the profitability 
(measured as percent return on assets) of88 cow herds in an early IRM-SPA data set. In this 
study, pregnancy percentage and weaning percentage had positive relationships with percent 
return on assets. As reproductive performance among these herds increased so did the 
likelihood that they were profitable. On the other hand, average weaning weight had no 
relationship with percent return on assets. Herds weaning 400-, 500-, or 600-lb calves had 
the same likelihood of having a positive ( or negative) return on assets. This does not suggest 
that high weaning weights are necessarily bad, but it would indicate that efforts to maximize 
outputs without regard to inputs are misdirected. 
Iowa researchers (1996) found that the highest profit one-third of producers in their 
Beef Cow Business Record program were able to wean heavier calves while reducing 
production costs. In a thirteen year summary of these records, reduced costs accounted for 
55% of the $233 difference in net profit between the top-third and the bottom-third of the 
herds. Hughes (1995) found a similar trend in his evaluation of North Dakota herds in 1994. 
In this evaluation the low cost one-third of the herds also had the highest weaning weights. 
These data would suggest that the targeting and timing of inputs to the areas in the herd 
where they will have the most impact is the key to economically improving herd output. 
A summary of the current IRM-SPA data set for small (less than 200 cows), medium 
(200-499 cows) and large herds (500 or more cows) is shown in tables 1 through 4. This 
summary represents over 300,000 cows from 388 herds in 15 states. As seen in Table 1, net 
income is closely related to cost of production. In all herd size groups, net income increased 
as cow costs decreased. There is also a tendency for the larger herds to have higher net 
income per cow; however this is much more exaggerated in the higher cost quartiles reflecting 
the wider variation in cow costs among the herd size groups in these higher cost quartiles 
(Table 2). This increased variability in cow costs among smaller herds is also clearly shown in 
the standard deviation for costs per cow being approximately two and one-half times higher 
for the smaller herds. It is important to note that there is tremendous variation in cow costs 
within all herd size groups which indicates an opportunity for producers of all sizes to make 
improvements in reducing production costs. 
In these herds, production traits were not highly related to net income. Neither 
increases in weaning percentage (Table 3) nor weaning weight (Table 4) were associated with 
increased net income per cow. In fact there was more of a tendency for cow costs to increase 
and net income per cow to decrease as the herd outputs increased. Both weaning percentage 
and weaning weights tended to be highest in the highest cost herds with the lowest net 
mcomes. 
Table 1. Financial net Ere-tax income Eer cow. 
Low Medium Medium High 
Herd Size Cost Low Cost High Cost Cost Average 
Small 112.07 55.09 (16.70) (149.18) 0.32 
Medium 121.33 68.92 33.58 (15.87) 51.99 
Large 131.51 112.61 55.08 13.46 78.16 
All 120.54 76.43 19.12 (61.64) 38.61 
Table 2. Total financial cost {$/cow) by guartiles. 
Low Medium Medium High Standard 
Herd Size Cost Low Cost High Cost Cost Average Deviation 
Small 260 376 462 723 455 108.24 
Medium 275 353 419 541 397 44.40 
Large 217 309 377 511 353 41.60 
All 251 349 424 606 408 92.21 
Table 3. Weaning rate {%} by cost guartiles. 
Low Medium Medium High Standard 
Herd Size Cost Low Cost High Cost Cost Average Deviation 
Small 84.07 84.46 84.04 88.36 85.23 9.31 
Medium 84.82 80.75 85.84 85.45 84.22 7.55 
Large 77.81 84.31 85.38 83.12 82.66 6.60 
All 82.39 83.37 84.95 85.93 84.16 8.34 
Table 4. Pounds weaned Eer calf {lbs/cal!} by cost guartiles. 
Low Medium Medium High Standard 
Herd Size Cost Low Cost High Cost Cost Average Deviation 
Small 479 502 528 546 514 78.48 
Medium 500 518 504 546 517 77.26 
Large 481 495 503 515 499 60.90 
All 485 505 514 536 510 78.48 
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UNIT COST OF PRODUCTION 
Unit cost of production (the costs required to produce a hundred pounds of weaned 
calf) has been identified as a critical factor in herd profitability (Hughes, 1995). As unit cost 
of production (DCOP) decreased, percent return on assets and profitability increased 
(McGrann et. aI., 1992). Unit cost of production is a critical factor because it considers both 
the inputs and outputs of the cow-calf enterprise. Unit cost of production is sensitive to 
production parameters as well as costs. Neither low costs nor high performance ensure a low 
UCOP. A herd that weans 400 lb calves with costs of$280/cow has the same $70/cwt UCOP 
as a herd that weans 600 lb calves but has costs of $420/cow. 
In the current IRM-SPA summary, unit cost of production, calculated as the total 
financial cow costs divided by the pounds of calf weaned per cow exposed, is also highly 
associated with increased profitability. In all herd size groups, the cost quartile groups with 
the lowest cow costs had the lowest unit cost of production and the highest net income per 
cow (Table 5). 
Table 5. Total financial cost per pound weaned ($/lbs). 
Low Medium Medium High 
Herd Size Cost Low Cost High Cost Cost Average 
Small 0.660 0.887 1.018 1.484 1.035 
Medium 0.648 0.840 0.986 1.156 0.955 
Large 0.588 0.737 0.846 l.195 0.850 
All 0.634 0.829 0.957 1.308 0.946 
These data would all suggest that producers should develop strategies to lower unit 
cost of production. These strategies could entail lowering costs without sacrificing 
performance, reallocating expenses to increase productivity without increasing costs, or in 
some situations even increasing costs to improve a substantially below average area of 
performance. This situation is most likely to occur if reproductive performance is well below 
average and an economical solution can be found. Whatever the strategy, it appears 
imperative for cow-calf producers to KNOW and REDUCE their UNIT COST OF 
PRODUCTION in order to improve the profitability of their herds. 
Il\tIPACT OF POST-WEANING PERFORMANCE 
There is currently a great deal of interest and emphasis on measuring the feedlot 
performance and carcass merit of individual cattle and tracing this information back to their 
mother cows. This is outstanding information that can certainly help improve the quality and 
efficiency of beef production. However, care must be taken when this data is used as the sole 
criteria for making culling decisions in the cow herd. In integrated beef enterprises, feedlot 
profitability represents only a portion of the overall profitability of the enterprise. Colorado 
researchers (Lankister et. aI., 1997), evaluated the critical points in determining profitability of 
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ten ranches that retained ownership and marketed fed cattle in 1995. On eight of the ten 
ranches, the cow-calf phase of production had a greater impact on overall profitability than the 
feedlot phase. Since 1995 was a year of high feed grain prices and low fed cattle prices the 
researchers re-analyzed the herds using average feed and market prices for the region. Under 
these conditions more of the herds made an overall profit, yet in nine of the ten herds 
profitability was still more highly influenced by the cow-calf phase than by the feedlot phase. 
Producers should also be aware that feedlot performance of individual cattle in a herd 
is often inversely related to their preweaning performance. Lighter weight calves at weaning, 
that likely have a higher unit cost of production within the herd, often compensate with higher 
feedlot performance. In an unpublished data summary, carcass weight was determined to be 
highly related to feedlot profitability; however, carcass weight is also correlated with larger 
cow size which would result in higher maintenance costs in the cow herd. Both pre- and post-
weaning performance of offspring as well as several input or cost factors need to be 
considered when culling the cow herd. 
SUMMARY 
No production or reproduction traits show a consistent relationship to profitability in 
cow herds. Data would indicate a threshold for outputs from a cow herd. If outputs are 
below that threshold, management changes to increase productivity will have a good chance 
of increasing profitability. However, if outputs already exceed the threshold, increased inputs 
to attempt to raise outputs will likely not be cost effective. Unit cost of production, or the 
cost per hundredweight of beef produced, considers both the inputs and outputs of a cow herd 
and has consistently been related to cow herd profitability in numerous studies. Producers 
who are interested in improving the profitability of their cow herds need to have an accurate 
measurement of the costs per hundredweight of beef produced in their herds as well as an 
understanding of the input and output components of the unit production costs. These 
producers can then implement management strategies that are appropriately targeted at either 
the cost or production side of the equation to lower the unit cost of production for their herds. 
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1997 Corn Production and Price Situation* 
Low Average High 
Production Production Production 
Yield (bushels I acre) 129 135 142 
Production (mil. bu) 9,500 10,000 10,500 
Omaha Corn, Fall 97 $2.05 - 2.15 $1.95 - 2.05 $1.85 - 1.95 
*Scenarios based on 80.2 million planted acres, 92 % harvested. 
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COW I CALF PRODUCER PROFITABILITY 
1994 1995 1996 1997* 
Profitable 46% 21% 150/0 50% 
Near Breakeven 39% 430/0 400/0 
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THE CATTLE CYCLE 
1990-1991 1999-2 00 
1985-1986 1996 
TIME 
Profit Trends By Industry Segment During The 
Four Phases Of The Cattle Cycle 
Cowl Calf Stocker Feedlot 
(1) Up Cycle: Significant Moderate Moderate 
Profits Profits Profits 
(2) Downward Declining Significant Significant 
Transition: Profitability Losses Losses 
(3) Down Cycle: Significant Narrow I Negative Narrow I Negative 
Losses Margins Margins 
(4) Upward Improving Significant Significant 
Transtition: Profitability Profits Profits 
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1997 Outlook 
• Cow Herd Liquidation Continues 
• Beef Production Near 1996 Levels 
• Fed Cattle Prices Stable 
• Higher Feeder & Calf Prices 
• Grain Prices Lower 
• Top Producers Expanding 
• Margin Operators: Best Profits 
1998 Outlook 
• Total Numbers Down 2-3 Miflion Head 
• Beef Production Down 3 Percent 
• Prices Higher On All Classes Of Cattle 
• Top Producers Continue Expanding 
• All Segments More Profitable 
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1999 Outlook 
• Cattle Numbers Continue Shrink 
• Beef Production Down Significantly 
• Cow / Calf Profitability Much Improved 
• Prices Near All-Time Highs 
2000 Outlook 
• Numbers And Supplies Approaching Cycle Lows 
• Prices Near Highs 
• Industry Has Objective Measuring System In Place 
• Significant Increase In True Value Discovery 
(Branded Beef) 
• Increased Percent Of Branded Beef Sold 
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FUTURE OF THE BEEF INDUSTRY 
Wayne D. Purcell 
Research Institute on Livestock Pricing 
Department of Agricultural & Applied Economics 
Virginia Tech 
INTRODUCTION 
Where we have been and where we are today will largely dictate what the future will look 
like. The loss of market share has been widely chronicled, but it needs to be reviewed again in 
the context of establishing the current situation. This fact-based downsizing of the industry 
demands that we ask why it has occurred. There is discussion on both sides of the issue, but 
again, good science and the facts suggest much of the long-run problem has been on the demand 
side. The cycle is complete, then, when we ask why we have demand problems. If we can take 
a look at where we are, what the situation is today, where the industry appears to be heading in 
terms of structure and strategies, then we have a base for anticipating the future of the beef 
industry. 
THE PRESENT SITUATION 
Perhaps no single set of data describes where we are better than per-capita consumption 
data shown in Figure 1. Widely misused as a measure of the strength of demand for the meats, 
per-capita consumption instead shows per-capita offerings or per-capita supply over time. It is a 
tautology that we will consume what we produce in a perishable commodity like beef. Storage 
and stocks held in inventory do not really make that much difference in terms of the annual 
availability of product. 
What the data plot clearly shows is that per-capita offerings of beef have declined 
significantly across years coming from a high near 95 pounds (retail weight) in 1976, down 
toward 65 pounds in the 1990s. This is the much-discussed decline in market share. This is also 
concrete evidence over time of an industry that is facing disinvestment and downsizing as 
contrasted to a net inflow of investment dollars and resulting growth. A glance at the plot 
indicates that quite the contrary appears to be happening in the poultry sector with investment 
dollars being attracted to that sector and per-capita offerings increasing significantly. The plot 
uses ready-to-cook measures instead of edible weight for broilers, but the patterns are the same 
no matter the units used: poultry is growing and beef is declining. Pork, on a per-capita offering 
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Figure 1 .. Per-Capita Consumption of Beef, Pork, and Broilers, 1960-96 
What set of economic forces or events has moved us to this position? There is always 
discussion about the importance of cost and being price competitive at the consumer level. The 
data show that there is clearly a great deal of variation in cost of producing a weaned calf and a 
finished steer or heifer geographically around the country. There is always room to improve 
efficiency and get costs down, and any ability to do that would allow the beef offering to be more 
price competitive at the consumer level and would tend to help keep resources (and producers) in 
beef production. In fact, the industry has made considerable strides in this area, especially during 
the decade of the 1980s. Figure 2 shows output per beef cow and shows an astonishing gain 
across the past 15 years, most of it in the 1980-87 period, as producers faced a cost/price squeeze 
and sought to adopt technology, change the genetics, and in other ways try to get increased 
production per cow. This has translated into increased efficiency and lower costs. It is clear, 
then, that the industry has made considerable progress in this arena although additional progress, 
if it could be accomplished, would clearly help the industry compete. 
Figure 3 documents the more serious longer-tenn issue. A scatter plot of per-capita 
consumption of beef and inflation-adjusted beef prices (so they can be legitimately compared 
across years) is shown for all years since 1960. In general, any move up and to the right in this 
scatter plot indicates a higher demand surface and indicates growing and strong demand. 
Conversely, any move down and to the left indicates a decrease in demand and shows the 
industry is moving to a lower demand surface. Clearly, since the 1979-1980 period, the pattern 
has been one of a movement down and to the left for the beef sector. The same quantity of beef 
offered in 1996 would have gone at substantially higher prices if we had been on the same 
demand surface that we were on 10-15 years ago. To illustrate the nature of the problem, 
visualize a line with a negative slope of about 45 degrees running through 1985 or 1986. A 
demand curve did go through these points 10-12 years back. Extend that curve to the left above 
the 1996 per-capita offering and note the price in our inflation-adjusted dollars would have been 
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around $2.70 ifwe had been on the same demand surface, the same demand strength, in 1996 
that we were on in 1986. 
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Figure 3. Per-Capita Consumption and Deflated Retail Price for Beef, 1960-96 
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As price comes down at the retail level, reflecting the consumer's reluctance to pay 
stronger prices for the current beef offering, the pressure is inevitably felt at the producer level. 
The retailer down through the processor, and increasingly even the feedlots, try to operate on a 
margin basis. Any declines in prices at the top of the system manifest themselves ultimately in the 
form of lower prices at the producer level. The only thing that can prevent this from happening is 
increased efficiency at the processing level, and while there is evidence that the large packers are 
relatively efficient, price spreads at the retail level continue to expand. Any expansion in the 
margin that the middleman has to extract puts even further downward pressure on prices at the 
producer level. . 
The result has been a significant and long-term downsizing of the industry. Figure 4 
shows a plot of both total cattle numbers (left scale) and beef cow numbers (right scale) through 
January 1, 1997. The modest cyclical advance in numbers that has occurred in recent years 
appears to have already peaked, perhaps pushed along by record com prices during 1996. The 
downtrend in numbers appears to be ready to be resumed. If that is the case, then further losses 
in market share would appear to be inevitable as we move toward the year 2000 and beyond. 
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Figure 4. Total Cattle Beef Cow Inventory Numbers, January 1, 1960-97 
The argument in favor of just getting the product cheaper at retail so that it would be 
more price competitive weakens a bit when you look at the plot of the ratio of Choice beef prices 
to a chicken price series that reflects weighted average prices of major chicken cuts. That plot is 
shown in Figure 5 and indicates that the ratio is trending down over time. This means that beef is 
getting cheaper relative to chicken, contrary to the perceptions of many observers in the beef 
sector. Anything that would allow those beef prices to continue to come down and still allow a 
profit at the producer level would be an advantage, of course. That is what being price 
competitive at the consumer level is all about, and it takes increased efficiency and lower costs to 
get that done. The question is whether or not this is the most important way the industry is going 
to be able to solve its market share problems. In my opinion, the answer is "no." It is not the 
price level that is the major problem at the consumer level, and the demand plots and what we 
are learning from the beef quality audit efforts are clearly indicating that to be the case. It is the 
level of quality, the inconsistency of that available quality level, persistent concerns about 
fat/cholesterol, and the lack of convenience in preparation for the modern on-the-go consumer 
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Figure 5. Ratio of Beef to Chicken Prices, 1980-96 
One question that immediately emerges, then, is "why haven't we moved to a more 
nearly consumer-friendly status?" If the need is for quality management to get the product failure 
rate down and to move the product offering toward what the modern consumer wants, why hasn't 
this been done? That is a complex issue for the industry, but the answer may lie primarily in the 
profit-center mentality that is suggested by Figure 6. What is implied here is that each profit 
center between the producer and the final consumer has, to some extent, its own profit function 
or its own objective function. The combination of those largely independently determined 
objective functions mayor may not create an effective industry agenda in terms of being 
consumer driven and making the investments in the right types of things over time. In fact, it 
appears that quite the converse is true. New product offerings in beef run about half the level 
that is offered on an annual basis in chicken alone. Dollars spent on new product work and 
market development work are small compared to the size of the industry. Significant factions in 
the industry do not really want to see a move toward value-based pricing because they are selling 
inferior slaughter cattle at or near a single price each week. It would appear that none of the 
profit centers between the producer and the consumer see it as their job to push for value-based 
pricing, to renovate and modernize the product offering, and to move to a consumer-driven 
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status, and therein lies a major issue. We can't be critical of the middlemen who, because of the 
way the industry is organized, cannot see a clear and justifiable economic reason to spend 
millions of dollars on product and market development work. But the victims of this long-







Figure 6. Demonstration of the Various Profit Centers in the Beef Industry 
Coming out of all this, what we have is something of a forced race between two different 
ways of resolving some of the issues, changing the product offering, and modernizing the 
industry. One competitor in this race is the traditional open market pricing system. It appears 
increasingly that this system has failed in the sense that it has not priced to value and has not 
generated the types of signals that would prompt coordinating what is offered and prepared by 
this massive industry with what the modem consumer wants and is willing to pay for. There is 
still lots of variation in eating quality within the Choice grade, with up to 20 percent of the 
Choice product not measuring up in terms of tenderness and an attractive eating experience. But 
the grades will get changed only if the industry demands change, and the short-term profit center 
mindset keeps the different sectors from coming together and looking for change. Price 
discovery in the open market exchange system is bad, not just because of a lack of negotiation 
between buyer and seller, but because we are no where close to pricing to value and are selling 
everything on averages. 
Because that price system has failed, we see various types of alliances and other 
approaches to controlling supply, both in terms of quantity flow and quality, starting to emerge. 
In pork, where we find a sector that appears to be poised to become much more competitive for 
market share, the traditional pricing system in many quarters has been replaced by vertical 
integration, where the processor owns the producing facilities, or contractual coordination, where 
the processor still dictates genetics and the various quality parameters. It appears that the 
alliances that are starting to form in beef could handle as many as 4-5 million cattle within just a 
few years. While that is going to be positive for the industry insofar as it does accomplish some 
quality control, changes the product, and moves toward a more consumer-friendly status, the 
approach also raises questions of access to market by independent producers and entrepreneurs in 
the business. What we are probably going to see is a continued erosion of the share of the cattle 
that are moving through the traditional open-market pricing system and increases in the number 
of cattle being handled in various forms of alliances. This situation, I believe, is being forced by 
the ineffectiveness of the pricing system, the lack of precision in the modern sets of grades, and 
the continued inability or refusal of the industry to identify and bring into price some of the 
product attributes that influence the quality of the eating experience at the consumer level. 
It is an interesting present situation, then, as we look forward to where the industry might 
be going. There is a need to be as cost efficient and price competitive as possible, but the 
overwhelming need appears to he one of modernizing the product offering and moving it toward 
what the modern consumer wants and is willing to pay for. It is in that context that we need to 
look at both short and intermediate-run strategies as to what the industry might do and then, 
beyond that, turn and look at long-run strategies and what the future of the industry holds across 
the next decade or two. 
SHORT AND INTERMEDIATE-RUN STRATEGIES 
Genetics will change the nature of the product being offered in the long run. But what we 
see is a very slow pace of change in the genetics because the pricing signals and the economic 
incentives have simply not been present. This way of solving the industry's problem is further 
complicated by the fact that a significant number of the beef cows in the United States are in the 
hands of relatively small and often part-time producers who really have very little economic 
reason to care about the genetics and quality of the product they are offering. We will come back 
and talk about the genetic issue as part of the longer-term solution, but the industry cannot afford 
to wait for genetic selection to solve the problems of inconsistent quality and inferior eating 
experiences that plague the current fresh beef offering. 
In the rest of the 1990s and the first decade of the next century, it is imperative that 
significant and major progress be made in taking what the industry is offering in the form of a 
largely heterogeneous supply of fed cattle and turning it into a consumer-friendly product 
offering. This is going to take money spent on product development. It will require, for 
example, that we find consumer-acceptable product possibilities from the beef chuck instead of 
having to grind the chuck and put it in ground product where the burgers at the fast food 
institutions continue to be sold at fire sale prices. You cannot finance a robust and growing beef 
industry on 99<: Arch Deluxes. We have to find a product (and products) that has more value to 
the modern consumer and attract the consumer dollars needed to refinance and refurbish the beef 
sector. That means money spent on product development, and that also means emphasis on 
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moving toward a set of grades and descriptive standards that capture the important factors that 
determine final eating quality in the product --especially but not limited to tenderness. 
One short and intermediate-run strategy, then, is to immediately move check-off dollars 
into new product work and market development work. That will require some shifting of the 
dollar spent on the generic advertising program versus product development, but the two 
approaches need not be seen as being competitive. It may be much easier to have an impact with 
advertising dollars if those dollars are trumpeting the availability of a new and consumer-friendly 
product or product offering as compared to just extolling the advantages of beef in a generic or 
general context. 
Industry leaders will need to work out the mechanics of an approach, but something like a 
matching fund program, where private firm dollars spent on product and market development 
work would be matched at some level by check-off dollars, might make some sense. Anything to 
increase the commitment of the private firms in this area, and we are seeing some slight progress 
in increased interest among even the larger processors in recent months, would be very 
important. The dollars spent as a percentage of sales on product development work in the beef 
sector need to be increased substantially to move back up to what is already occurring in pOUltry, 
is starting to occur in pork, and for many years has occurred in other commodity sectors such as 
the citrus and dairy sectors. The money spent on research and development in the beef sector has 
always been exceedingly small when compared to other sectors and has not been, arguably, 
anything like sufficient to keep the industry growing and vibrant. This has to change to establish 
a base for future prosperity and growth. 
LONGER-RUN STRATEGIES 
In the longer run, and this strategy can be pursued while the product and market 
development strategies are being fulfilled, the genetic pool in the beef sector needs to be focused 
and moved toward a quality-controlled and consumer-friendly status. This is going to be a 
longer-run effort to be sure because it involves the vested interest of purebred associations, 
commercial herd owners, genetic suppliers, and many other sectors of the industry. It is going to 
be difficult for some particular breed advocates to recognize the need to either change the 
genetics in that breed or combine it with some other breed in an effective and modernized cross-
breeding program to generate the quality level and consistency of quality that is going to be 
needed. It may well be that much of this progress in the longer-tenn context is going to come 
within the confines of the alliances because the open-market pricing system is showing no signs in 
late 1997 of moving to a status that would really prompt changes in genetics. Fed cattle are sold 
within an hour or two a week and many of them are sold at the same price. Auction prices at the 
barns around the country for feeder cattle and even the special graded feeder cattle sales that are 
operated in many states show prices across pens of cattle that vary little or none. It is not at all 
unusual to see a pen of No.2 muscled feeder cattle bring more than a pen of comparable weight 
No.1 muscled cattle in the same breed. Certainly, the price discounts associated with the 2s (or 
small frame or double large frame cattle) are minimal and are not anything like sufficient to drive 
home a message to the producer that he needs to change the type of calf and feeder animal that he 
is producing. 
In the longer run, then, producer groups need to get behind the need for supporting 
product and market development work. They need to make sure that that type of work gets done, 
even to the point of using their check-off dollars to stimulate the work and help prompt the private 
sector to step up and be aggressive in this area. At the same time, they need to help their 
member producers understand the need to change the genetics over time. If it takes getting 
involved in an alliance to get that message across because the pricing system is still failing us in 
terms of the capacity to price to value, then you have to think about getting that done. Thus, 
producers at the county, state, and national levels need to reflect carefully on where the industry 
is headed and get behind the strategies that are going to modernize the product offering and move 
us back toward a competitive sector over time. 
The individual producer will also face some interesting and perhaps difficult decisions in a 
longer-run context. There is no question that it is now difficult for the producer who knows the 
value in his cattle to get a price that reflects that value. Retained ownership is one way, but that 
is not a final solution and often extends the risk exposure for the cow-calf person and/or the 
stocker operator. And if the advantage gained in the feedlot under retained ownership is nothing 
but superior conversions and excellent daily gains, there is still no guarantee these cattle are 
producing what the modem consumer wants. 
Individual producers will have to decide whether or not they are going to continue to try 
to rely on the pricing system to give them appropriate value or whether or not they will seek 
membership in some sort of an alliance as the only way to secure those proper values. If this 
situation continues to face the individual because the grades have not been modified and refmed 
and the price discovery system continues to struggle in terms of pricing to value, then the longer-
term solutions are probably going to be very slow in arriving. Many individuals will have some 
reservations about giving up individual freedoms and getting involved in a group effort to ensure 
being rewarded in accordance with the true value of their cattle and, more importantly, prepare a 
product that fits a market segment at the consumer level and command more of the consumer's 
dollars. In the long run, it will be whether the industry canfind a way to command more of those 
consumer food dollars as a way of financing and revitalizing the industry that will determine 
which way this sector goes. 
SOME CLOSING THOUGHTS 
Producers are going to have to recognize that the offerings at the top end of the system for 
their product are out of sync. They are obsolete. They are characterized by excessive product 
failure in the form of inferior eating experiences even in the Choice product. The product is not 
as convenient as the modem consumer wants. The food preparer who starts to think about the 
evening meal at 5:00 p.m. as they leave work and board the commuter train is not going to find 
many appealing alternatives in the current offering from the fresh beef counter. Once they 
exhaust what they might be able to do by stopping by the deli and/or the frozen entree section, 
there are not many other beef offerings amenable to the microwave, and that is the appliance in 
which most meals are prepared. This product offering simply has to be changed, and whatever 
needs to be done to change it has to be accomplished. 
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And do not be misled here by the widely discussed resurgence of the steakhouses. 
Consumers are eating out, showing a willingness to pay for convenience. But that willingness to 
spend on beef is not being seen in other consumption channels. Even the fast food chains have 
been forced to a price discount on a burger offering to keep the offering up. It is the burger, not 
the chicken breast sandwich, that is being offered at giveaway prices. All of the different 
consumption channels need to come along together, and that is not happening. 
The key need in the short and intermediate run is to ensure that product and market 
development work gets done. I believe this will require some balancing of how check-off dollars 
are spent between generic advertising and either developing new products and markets and/or 
promoting those new developments. Producers sit on committees that decide how the dollars are 
spent, and I am afraid they will continue to be too slow to recognize the importance of 
modernizing the product offering. 
There may also be a strong need for the industry to take a look at whether or not the 
check-off revenues need to be increased. As the industry gets smaller, the alliances develop, and 
vertically integrated systems evolve, there are fewer market transactions and the dollars collected 
for use are decreasing sharply. When you take the nominal dollars or the dollars in which we 
measure the annual check-off budget and adjust them for inflation over time, you have no more 
than about 50 percent of the money to spend on this issue that was available when the check-off 
program was started in the 1980s. 
There are clearly some difficult decisions facing producers and producer groups. It is 
important that you recognize where you stand, what it is going to take to change that situation, 
look beyond the current better calf prices that have come because corn is cheaper again, and 
recognize that the long-run well-being of the industry is being determined today, this year, and 
the in remaining few years left before the year 2000. We need to make significant progress in 
terms of moving toward being consumer friendly and having strategies in place to modernize this 
product offering and get it under total quality control before the year 2000, or the future of this 
industry has to be shaded toward the negative and in a direction none of us like. 
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Introduction 
Applications of Monitoring for Producens 
by Dr. Roy Roath 
The context in which rangeland livestock enterprises operate is changing in the United States, 
Economic pressures, markets, agency policies, and greater environmental awareness are chal-
lenging range livestock operators to mange their operations more effectively and to respond to meet 
the challenges of the question II Are you a good steward of the land?" being posed by friend and foe, 
alike, This debate on land management practices is increasing, Much of this discussion is focusing 
on conflicts between the multiple uses of the resource, This affects the western livestock industry in a 
major way because the Industry will be Judged on its best bad examples, 
By in large, I think that ranchers believe and understand that healthy, vigorous, productive 
rangelands are essential to their survival. Effective management of the forage resource base of your 
operation is about sustaining the very basis of production for your ranch. Recognizing the status of 
resources will reflect the effect of management actions and that managers should assess their 
practices for long-term sustair.2bility is an important P'!rt of its program. 
The western livestock industry sees the need for greater communication and understanding 
among all sectors involved in the care and use of public and private lands, This resource guide was 
developed with the objective af faCilitating that need and providing decision-making and monitoring 
tools to assist in the management of sustainable ecosystems. Sustainable ecosystems will support 
financially sound range management enterprises capable of providing the economic return that 
sustains quality of life for the ranch family, the community, and the society. 
Land managers need information on soil, water, and vegetative components of the resource 
base, as well as dernands on that resource, to be able to develop sustainable management strategies, 
They also need to assess the impact of implemented strategies on the status of the resource, 
Monitoring is a process that provides baseline resource data and feedback information allowing man-
agers to adjust their management strategies to meet their for goals and objectives. 
Monitoring is not a process that can be dealt with in isolation, Setting rangeland objectives 
and determining their feasibility is essential to monitoring. Managers need to know what and why they 
are monitoring, They cannot afford the time and the cost of collecting endless pieces of vegetation 
data without a clear understanding of how that data will be used. Monitoring, as presented here is for 
use in the ranch management decision process, Information gathered but not used for decisions is 
wasted effort and resources. 
Goals, Visions, and Objectives 
The next section will lean heavily on development of goals and objectives, While this 
probably sounds like organizational "gobbluty gock", the importance is in defining what you want to 
happen and finding a way to get there, Every organization must have a purpose, 8 reason to be in 
business. This is called the organization's mission. When thinking about the future of your resource, 
you may be drawing a picture that does not exactly coincide with its present product, ser.-ice, or 
position within the Industry, That is your organization's vision' a statement of where you want to be in 
the future. The vital link between your mission and vision is the strategic plan. 
The development of the mission statement takes place during a brainstorming session with all 
executives of an organization. In your case, it may be with family members, partners, landowners or 
board of directors. The group should draw a list of "purpose for existence" statements and use that 
list to outline the mission statement. Each person can draw one version of mission statement. Then, 
arrive at a final product through consensus. The mission statement must be brief, to the point. and 
easy to understand, 
To develop the vision statement, concentrate on what the group wants the organization to 
become The vision should include a quality statement, indicate where it will be in the future, and how 
you expect to provide a competitive advantage, It should be brief, inspiring, and provide a basis for 
decision-making. The vision is the road map that guides you to a new organizational framework. 
If your operation includes the grazing of public lands, you should be aware of the values of the 
public who feels entitled to share the use of those public lands. Because your management actions 
will affect the sustain ability of public lands and the biodiversity of the whole ecosystem, your vision 
statement should be developed based on your own values and those of the public. 
The primary advantage of management by goals and objectives is the development of a 
systematic planning, monitoring, and improving approach. Managers who do not have a systematic 
plan can only react to change. They become "managed by", Instead of managing the events impact-
ing their organizations (Brocka and Brocka, 1992). The clearer the idea of what you want to accom-
plish, the greater the chances of accomplishing it. Real progress can only be measured in relation to 
what one is trying to achieve. Goals are non-Quantitative statements of general intent. There may be 
many goals, but they must be concise. Examples of goals are: 1) To increase carrying capacity and 
profitability of the ranch; 2) To pass the ranching operation on to the children debt free; and 3) To 
maintain or improve the resource base creating a stable operation. 
Objectives must flow from the goal statements. They are quantitative statements of future 
expectations. Gregg Simonds, manager of Deseret Land & Livestock stated "I have never achieved 
something I could not measure". Objectives guide the organization for 4 to 12 months and must be 
reviewed at least once a year. 
The format of an objective should include the identification of a single-key result, a time 
frame, a calendar time, and the costs involved. Some examples of objectives are: 1) To reduce 
supplementation costs by $_._/head by April 199; 2) Reduce debt this year by the amount of 
$ __ ._; and 3} To have all pastures in "Improving" or "Near Desired" Range Resource Status in 10 
years. 
A strategy describes the procedure and method by which the targeted objective Is to be 
accomplished. The actual number of strategies developed depend on the complexity of the objective. 
The first step is to list the strategies by which the objective can be met. Then, strategies should be 
ranked by order of choices. To obtain the ranking order of choices weight each strategy by its contri-
bution, cost, and feasibility. In Robson's (1991) words, "identification of high leverage opportunities 
directs attention and resources to where improvement would provide the greatest benefit". Time and 
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money are always limited, therefore, seek the greatest improvement, in the shQrtest time, with the 
least expenditure. 
The development of objectives for the resource base, assessing the feasibility of those 
objectives based on tile status of that resource base, and designing management strategies at the 
pasture level should be one of the high-priority enterprise management strategies. Checking for the 
feasibility of objectives at the resource level will in turn show the feasibility of the objectives at the 
enterprise level. If ,objectives will not be met at the resource level it is inevitable that they will not be 
met at the enterprise level either. 
Inventory 
The assessment of the resource base should be one of the first management tasks to 
execute since it evaluates the relative capability of the rangeland to meet the overall enterprise goals 
and objectives. It implies obtaining and analyzing information about phySical and biological compo-
nents of the resource base. Available information is interpreted in terms of present status and capa-
bility of the resource. This step consist of: 1) obtaining baseline information; 2) conducting a pasture 
survey; 3) developing a landscape description and pastures objectives; 4) developing management 
strategies at the pasture level; and (5) monitoring the responses to management. 
The pasture survey is implemented to characterize attributes of the management unit. The 
basic capacity of the range to produce vegetation and the various combinations of plant species 
possible on a given location are determined primarily by climate and soil properties. Soil properties 
determines the ability of the land to supply moisture and nutrients to plants. 
Present Plant Community 
This step involves obtaining a survey of the species in the present plant community. In 
completing this step, consulting the Natural Resources Conservation Service (NRCS) Range Site 
Description may be helpful. Information should include: 1) Structure and appearance of the present 
plant community; 2) List of and percentage occurrence of the plant species present; and 3) Average 
length, beginning, and ending dates of growing season for present major natives species. 
Frequency can be used to indicate relative change in a plant community but it cannot be used 
to indicate a specific amount of forage available. In spite of its limitation, frequency is the easiest, 
least costly, and most reliable kind a quantitative data to detect changes in the role of a species in a 
entire plant community 
The best time of the year to collect frequency data depends on the growing season and the 
timing of use of the area. To reduce observer error in species identification, it is usually best to 
sample near the time of the peak of the growing season when most plants have seed heads and have 
been relatively unaffected by grazing and weathering. Collect frequency data at about the same 
growth stage, not necessarily the same calendar date. A list of species in your area can be found 
by consulting the NRCS Range Site Descriptions. The 100-point transect will be used. Identify the 
closest rooted plant to the point of your right shoe each time your right foot strikes the ground. Record 
the occurrence of species by tally. The percent frequency for each plant species is represented by the 
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number of times that a plant species occurred in the 1 OO-point transect divided by 100. 
Some concepts about the effect of grazing on grasses should be taken into account when considering 
management strategies at the pasture level. There are two distinct phases of grass growth: (1) a 
rapid growth period of vegetative material, and (2) a period of production of reproductive structures. 
The forage quality is much higher during the rapid spring growth of vegetative material. Therefors, it 
would be an advantage to grazing animals. to maintain plants in this period as long as possible. 
When grasses are in the vegetative growth period. there is rapid turnover and replacement of leaves. 
Because sixty percent or more of the growth of each leaf is produced from the base of the 
plant, removal of some of the leaf material does not reduce the capability of that plant to produce new 
leaf material given two moderating factors: (1) the grazing animals consistently leave enough leaf 
material to provide for the photosynthetic needs of the plants and the production of new leaf material, 
and (2) the grazing animals utilize the leaf material only once or twice, giving that plant the chance to 
produce new leaf material without subsequent removal by grazing. Grazing during this period is not 
detrimental to the plant, provided the plant is allowed to produce new leaves while the conditions are 
right for regrowth. 
When the grass plant enters into the reproductive period, the grazing process can, and in fact 
frequently does, have an adverse impact on the vigor of the plant. This happens for two reasons: (1) 
leaf growth ceases; and (2) as stems are extended, the growing points are available to grazing. The 
removal of these growing points causes a rather dramatic setback of the plant, both by removal of 
photosynthetic tissue. and by affecting the capability of that plant to grow without expending a great 
deal of additional energy to develop a new growing point from the crown. Therefore. excessive defo-
liation can be quite detrimental during this stage of growth. Management should allow the leaves to 
replenish the energy reserves that are stored in the crown of the plant for the use in the ensuing year. 
Management strategies should ideally use plants during only the green growth period and allow all 
grass plants under grazing to produce seed heads every year. However. in a rangeland environment, 
the livestock must be somewhere all the time. Therefore. some plants will be grazed during the time 
when they can be most affected. 
A management strategy to minimize the leaf and stem removal during this period is important 
for maintaining the long-term productivity of the grasses in the stand. Additionally. designing a strat-
egy whereby every plant can receive rest during its reproductive growth period every 3-4 grazing 
seasons is important. 
In designing the management strategies, keep in mind the objectives for that pasture. 
Appropriate grazing will incorporate some rest during the time when moisture and temperatures are 
proper to allow the plant time to regrow. Management of regrowth opportunity and leaf area remaining 
are the keys to designing grazing management strategies for long-term health and productivity of the 
grazing. 
Photo Points 
Comparing photographs of the same area taken over a period of years furnishes visual 
9',1idence of vegetation and soil cnanges. Close-up photographs and/or genera/-view photographs are 
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both useful in documenting changes through time. Close-up photographs show the type of plants 
present. the soil surface characteristics and the amount of covered by vegetation and litter. A 
designated plot facilitates returning to the same spot in subsequent years. To accomplish this, drive 
an stakes at wo diagonal corners of a yard square frame to permanently mark a photo plot. Paint the 
stakes with bright-colored permanent spray paint to aid in relocation. Place the photo identification 
label nat on the ground adjacent to the photo plot frame. Stand over the photo plot with toes touching 
the edge of the frame. A tripod will aid in consistent reproducible shots without blur. 
General view photographs present a broad view of the site. These photographs are helpful in 
relocating the site. Place the photo identification label in an upright position so that it will appear in the 
fareground of the photographs. Include in the photograph the photo label, a general view of the site, 
and some skyline. 
Follow the same process used in taking the initial photographs when taking repeat photo-
graphs. Take repeat photographs at approximately the same time of year as the original photographs. 
Include the same area and landmarks. Identify and file photographs in see-through plastic sheets in a 
binder for future reference. 
Vegetation Use 
The Relative Degree of Use Rating shows the relative grass, forb, and browse use reflecting, to a 
point, the effect of management on the vegetation. It will be obtained by comparison between the 
vegetation in caged plots and the vegetation in uncaged plots. The difference between them is as-
sumed to represent the amount of vegetation consumed by animals or otherwise lost during that 
period. 
Locate caged plots within important areas on your ranch that are representative of the type of 
vegetation and locate area where the vegetation is critical to your operation. Mark the location of the 
plots so they can be relocated. Record the location in the pasture map. 
Anchor a cage over one of the paired plots at each location. The base of a cage should be 
large enough to provide at least a 6-inch buffer zone between the edge of the plot and the side of the 
cage. Cover the lower portion of the cage (1-2 feet high) with wire netting small enough to exclude 
rabbits and rodents. The larger the mesh, the less influence the cage has in modifying the environ-
ment. 
When locating a cage choose a least one other area where the vegetation is similar to that in 
the cage. If past experience shows that foraging is particularly uneven, choose two or more areas of 
similar vegetation for comparison to the caged area. Establish unprotected plots a minimum of 100 
feet from protected plots. Unprotected plots should be inconspicuously marked to avoid attracting 
animals. 
In the case where an evaluation of wildlife use, separated from livestock use is needed, a 
movable cage technique can be used. The cage is placed over a plot during the time when livestock 
are present When livestock are removed, the area under the cage is marked and the cage moved to 
a new area which has been grazed by livestock but it is now protected from wildlife grazing. 
Degree of Use 
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The Relative Degree of Use Rating Is obtained using a modified version of classification 
classes proposed by the BLM (1992). In this case the classification is based on the use of desirable 
and less desirable species instead of "value of species for forage" as in the BLM classification. Group 
the "highly" and "moderately" desirable grasses and forbs species listed In just "desirable" spe<:ies. 
Compare them against the "less desirable" species. 
I. Herbage Use Classes: Three use classes are used to show the relative degree of use of desirable 
herbaceous species (grasses and forbs). Use classes are described as follows:(aj 1lgbL The 
rangeland may be topped, skimmed, or grazed in patches. The less desirable herbaceous plants are 
ungrazed and 60 to 80 percent of the number of current seed stalks of desirable herbaceous plants 
remain intact; (b) Moderate The rangeland appears entirely covered as uniformly as natural features 
and facilities will allow. Fifteen to 25 percent of the number of current seed stalks of desirable herba-
ceous species remain intact. No more than 10 percent of the less desirable herbaceous plants are 
utilized: and © ti~ The rangeland has the appearance of complete search. Desirable herba-
ceous species have less than 10 percent of the current seed stalj(s remaining. Shoots of rhizomatous 
grasses are missing. More than 10 percent of the number of less desirable herbaceous plants have 
been utilized. The rangeland has a mown appearance and there are indications of repeated coverage. 
There is no evidence of current seed stalks of desirable herbaceous species. Desirable herbaceous 
species are completely utilized. The remaining stubble of preferred grasses is grazed to the soil sur-
face. 
Use Map 
The use map is the opportunity for the cowboy to record where the cows go and what the distribution 
of use is when they are there. This is a record that documents the pattern is use across a pasture. 
The record is kept as described in the use above as areas with light, moderate or heavy use. These 
areas depict where use is too heavy and management should be modified to reduce that use, where 
the use is moderate and acceptable and where the use is light where more use might be an 
unrecognized opportunity. The challenge is to solve the heavy use problems and take advantage of 
the opportunities presented in areas of little use. 
Grazing Response Index 
The grazing response index is comprised of three qualitative ratings that are tied to key 
concepts relating plant health, including frequency, intensity and opportunity of the plants to grow or to 
regrow. Frequency refers to the number of times a plant is grazed in a grazing period. The higher 
the frequency of use in a grazing period, the greater the impact of grazing is on plant vigor, and the 
lesser the chances of regrowth in the next grazing season. Frequency is regulated by the duration of 
the grazing period. It is ir:dependent of animal densih!. but is dependent on the grazing duration or 
length of time that the animals are in the pasture. Animal density is the number of animals per unit 
area. 
If plants in a pasture has been grazed no more than once in a growing season a positive rank-
ing (+1) is given. If plants in a pasture have been grazed twice in a growing season a ranking of 
neutral (0) is given If plants in a pasture have been grazed three or more times in a grazing season a 
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negative ranking (-1) is given. Record this rating in Worksheet 1. Generally, when an area is avail-
able to be grazed for more than 15 days, the probability of being grazed more than once increases. 
Intensity of use is the amount of plant material removed by grazing in a given event and is 
regulated by stocking rate. To maintain the health and vigor of a plant, adequate amount of leaf 
surface area (amount of leaf present) must remain at a time when the plant can grow. The less inten-
se the grazing, the gr~ater the opportunity for the plant to maintain its photosynthetic area and 
produce new growth. 
If less than fifty percent of the leaf area of plants in a pasture on average is removed, then a 
positive ranking (+1) is assigned. If about fifty percent of the leaf area of the plants in a pasture is 
removed a neutral ranking (-0) is assigned. If more than fifty percent of the leaf area of the plants in a 
pasture is removed a negative rating (+1) is assigned. 
Opportunity of the plant to grow-regrow is the one factor most highly related to long-term 
health and vigor of the vegetation. It depends on the temperature, availability of water, and leaf area. 
Opportunity to regrow depends on the capability of the habitat that is being grazed. In areas that are 
arid and receive small amounts andlor unpredictable precipitation, the opportunity to regrow must be 
quite carefully considered. 
Conversely. areas with deep soils and good moisture will regrow more dynamically than lower 
potential areas. Estimates on the opportunity to regrow will be made for the plants in a pasture based 
on minimum opportunity to regrow (-2), moderate opportunity to regrow (0), and maximum opportunity 
to regrow (+2). 
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